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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
ISOLATION AND COMPOSITION OF NOVEL GLYCOSIDASES 

5 TECHNICAL FIELD 

The present invention relates to novel 
glycosidases and their uses. 

BACKGROUND OF THE INVENTION 

The recognition that carbohydrates play a key 
role in biological processes of living organisms has 
made their study of great importance for medicine and 
basic science. The understanding of carbohydrates has 
lagged behind that of other types of biological 
molecules because of the immense complexity and 
variety of these molecules and the lack of 
availability of analytic and synthetic tools that 
enable scientists to differentiate one form from 
another . 

Forms of carbohydrates in nature. 

In nature, carbohydrates exist as polymers known 
25 as polysaccharides, that consist of a series of 

monosaccharides that are covalently attached by 
glycosidic bonds to form both branched and linear 
macromolecules . In addition, polysaccharides or, more 
commonly, oligosaccharides may be coupled to 
30 macromolecules such as proteins or lipids to form 

glycoproteins or glycolipids. Unlike naturally 
occurring polysaccharides, the oligosaccharides 
associated with protein or lipid consist of a 
relatively small subset of monosaccharide types. 
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Oligosaccharides associated with glycoproteins 
have been the focus of much of the carbohydrate 
research to date largely because the biological 
properties of these molecules are diverse and their 
relatively short monosaccharide sequences make the 
oligosaccharides amenable to study. 

Structural features of Glycoproteins. 

Glycoproteins are characterized into two groups 
according to their linkage to protein. The O-glycosyl 
linked oligosaccharides including mucin-type 
oligosaccharides, the proteoglycan type, the collagen- 
type and the extensin-type are bonded to the hydroxyl 
oxygen of L-serine or L-threonine. The N-glycosyl 
linked oligosaccharides are bound to the amido 
nitrogen of asparagine in a tripeptide generally of 
the form Asn-Xaa-Ser/Thr (where Xaa represents any 
amino acid) . The N-linked oligosaccharides are 
further differentiated into 3 subgroups these being 
the high mannose type, the complex type and the hybrid 
type. N-linked oligosaccharides are frequently 
branched where branching commonly occurs either at a 
mannose residue or at an N-acetylglucosamine residue. 
These branched structures are called biantennary, if 
there are two branches, and triantennary if there are 
three branches. 

The oligosaccharide can be characterized by its 
sequence of monosaccharides. The oligosaccharide is 
attached at its reducing end to the amino acid 
sequence of the protein while the non-reducing end is 
found at the terminal monosaccharide at the other end 
of the oligosaccharide. Other important 
characteristics of oligosaccharides are the 
glycosidic bonds that connect individual 



monosaccharides. The glycosidic bonds obtain their 
numerical assignment according to the carbons in the 
monosaccharide ring where linkage occurs. The carbons 
are numbered in a clockwise direction from 1 to 6. 
Any of these carbons can be involved in the glycosidic 
bond although commonly the carbon-1 on the 
monosaccharide closer to the non-reducing end forms a 
glycosidic bond with any other carbon on the 
monosaccharide toward the reducing end of the 
oligosaccharide . Because each carbon on a 
monosaccharide is asymmetric, the glycosidic bond 
occurs in two anomeric configurations,, the alpha and 
the beta anomer. The type of anomer is determined by 
the position of the reactive hydroxyl group on the 
carbon. Fig. 1 illustrates the possible linkage 
configurations that may exist between two 
monosaccharides . 

Synthesis and degradation of oligosaccharides . 

Oligosaccharides are synthesized by a battery of 
enzymes in the cell known as glycosidases and 
glycosyltransferases. Typically, an oligosaccharide 
is assembled on a lipid carrier and transferred to the 
appropriate amino acid within the protein to be 
glycosylated. Glycosidase trimming and 
glycosyltransferase mediated synthesis follows and 
individual monosaccharides or preassembled 
oligosaccharide units are removed or added. In 
addition, microscopic reversibility may occur when the 
exoglycosidases that are usually hydrolytic enzymes, 
act as transferases in a synthetic role (Ichikawa et 
al. 1992, Anal. Biochem. 202:215-238). In some cases, 
removal of a monosaccharide results in a 
conformational change that facilitates further chain 
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synthesis (Camirand et al . 1992, J. Biol. Chem., 
266:15120-15127). While not wishing to be bound by 
theory, one cause of inter-cellular variability in 
glycosylation patterns for a single protein may arise 
from different amounts and types of available 
glycosidases and glycosy ltransf erases in any single 
cell . 

The availability of individual glycosidases and 
glycosyltransf erases depends on the nutritional 
environment of the cell (Goochee and Monica 1990, 
Bio/Technology 6:67-71) the type of cell (Sheares and 
Robbins 1986, PNAS 83:1993) and its homeostatic state 
(Kobata 1988, Gann Monogr. Cancer Res. 34:3-13). 
Associated with the variation in amounts and type of 
these intracellular enzymes is the occurrence of 
multiple glycoforms of a single glycoprotein (Parekh 
et al. 1987, EMBO 6:12 33-1244). These glycoforms 
differ in their oligosaccharide sequence and linkage 
characteristics as well as in the position and number 
of attachment sites of 'the oligosaccharide to the 
protein. Variation in glycosylation of a single 
glycoprotein made in different cell types is an 
important aspect of recombinant protein therapeutic 
production because of the possible impact of 
structural heterogeneity on biological function 
(Sasaki et al . 1987, J. Biol. Chem. 262:12059-12076; 
Dube et al. 1988, J. Biol. Chem. 2 63:17516-17521; Lund 
et al. 1993, Human Antib. Hybridomas, 4:20-25; Parekh 
et al. 1989, Biochem. 28:7644-7662; Kagawa et al . 

1988, J. of Biol. Chem. 263:17508-17515; Parekh et al . 

1989, Biochem. 28:7662-7669; Parekh et al. 1989, 
Biochem. 28:7670-7679). 

Not only does the glycosylation pattern of a 
single protein vary according to which cell it is 
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events may be characteristic of certain evoiut ionariiy 
related animal species only. Galili et al. 1987, 
Immunology 84:1369-1373 and Galili et al . 1988, J. 
Biol- Chem. 263:17755-17762 identified the occurrence 
of Galal-3Gal in non-primate mammals and New World 
monkeys, a glycosylat ion pattern that was absent in 
humans and Old World monkeys. The absence of this 
structure could be demonstrated because the 
disaccharide elicits an immune response in humans. 
The immune response to atypical glycosy lation patterns 
presents a yet unsolved antigenicity problem that 
arises from using glycoproteins derived or 
manufactured in non-primate sources. 

Oligosaccharides are degraded by glycosidases 
that are often highly specific for the glycosidic 
linkage and the stereochemistry of the 
oligosaccharide. An example of the influence of 
remotely located monosaccharides on the digestion of 
oligosaccharides is found in human patients suffering 
from fucosidosis. These patients lack the 
exoglycosidase required to remove fucose from N-iinked 
oligosaccharides prior to digestion with 
endoglycosidase . The fucose interferes with the 
enzymatic activity of the endoglycosidase and causes 
undigested oligosaccharides to be excreted in their 
urine. (Kobata 1984, The Biology of Carbohydrates, 
Eds., Ginsberg and Robbins, Wiley, NY vol. 2, pp. 87- 
162.) 

Tlie biological impact of glycosylation of proteins . 

The importance of correct synthesis and 
degradation of oligosaccharides for the organism has 
been demonstrated in diseases which result from a 
single defective glycosidase giving rise to incorrect 



processing of carbohydrate structures. In the example 
cited above, disease results from the absence of a 
Fucosidase resulting in incorrect processing of the 
glycoprotein. Other examples include human a- 
Mannosidpsis in which the major lysosomal a- 
Mannosidase activity is severely deficient (Gasperi et 
al. 1992, J. of Biol. Chem. 267:9706-9712). Aberrant 
oligosaccharide structures have also been associated 
with cancer (Sano et al. 1992, J. Biol. Chem. 
267:1522-1527) . 

The oligosaccharide side chains of glycoproteins 
have been implicated in such cellular processes as 
protection of peptide chains against proteolytic 
attack, facilitation of secretion to the cell surface, 
induction and maintenance of the protein conformation 
in a biologically active form, clearance of 
glycoproteins from plasma and antigenic determinants 
in differentiation and development. In fact, at any 
developmental stage, cells may have solved the 
biosynthetic problem of controlled variation by making 
not just one glycoprotein but by coding for large 
repertoires of a protein, each variant having a 
different covalently attached oligosaccharide 
(glycoform) . The extent of variability that arises 
from multiple glycosylation sites on a peptide or 
indeed multiple forms of a single glycosylation site 
have been discussed by Rademacher et al . 1988, Ann. 
Rev. Biochem. 57:785-838, for recombinant proteins. 
Because the characteristics of glycoprotein as well as 
its biological properties and function vary according 
to the sequence and structure of the attached 
oligosaccharides (Cumming 1991, Glycobiology 1:115- 
130) , the analysis of glycoprotein structure has 
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become an important requirement in characterizing 
recombinant pharmaceutical proteins. 

New methods of analyses are required to 
facilitate quality control of manufactured 
pharmaceutical grade recombinant protein to permit 
rapid, low cost and reliable characterization of 
oligosaccharides to distinguish between closely 
related structures (Spellman 1990, Anal. Chem. 
62:1714-1722). New methods to manipulate and modify 
oligosaccharides on glycoproteins is desirable to 
improve production levels from cells and to optimize 
the biological function of proteins as therapeutic 
agents . 

A rapid and simple method of oligosaccharide 
sequence and linkage analysis would have utility in 
directing synthesis and analyzing function of 
glycoproteins and carbohydrates in general as well as 
providing insights into the causes and implications of 
microheterogeneity in glycosylated molecules made in 
different organisms, organs or cells as well as within 
a single cell. 

Methods of analyzing carbohydrate structures. 

Existing methods for analyzing carbohydrate 
structure rely on complex multi-step procedures. 
These procedures involve techniques such as mass 
spectrometry, NMR, fast atom bombardment, complex 
chromatography techniques (high pressure liquid 
chromatography, gas phase chromatography, ion-exchange 
and reverse-phase chromatography) and complex series 
of chemical reactions (methylation analysis, periodate 
oxidation and various hydrolysis reactions) and have 
all been used in various combinations to determine the 
sequence of oligosaccharides and the features of their 
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glycosidic linkage. Each method can provide certain 
pieces of information about carbohydrate structure but 
each has disadvantages. For example, fast atom 
bombardment (Dell 1987, Advances in Carbohydrate 
Chemistry and Biochemistry 45:19-73) can provide some 
size and sequence data but does not provide 
information on linkage positions or anomeric 
configuration. NMR is the most powerful tool for 
analyzing carbohydrates (Vliegenthart et al. 1983 
Advances in Carbohydrate Chemistry 41:209-375) but is 
relatively insensitive and requires large quantities 
of analyte. These methods have been reviewed by 
Spellman 1990, Anal. Chem. 62:1714-1722; Lee et al . 
1990, Applied Biochem. and Biotech. 23:53-80; Geisow 
1992, Bio/technology 10:277-280; Kobata 1984. Many of 
the above procedures require expensive equipment as 
well as considerable technical expertise and technical 
support for their operation that limits their use to a 
few specialist laboratories. 

Carbohydrate analyses using glycosidases . 

Enzymes have been used at various stages of 
carbohydrate analysis as one step in the multi-step 
analyses. These enzymes include glycoamidases having 
the ability to cleave between the glycan portion and 
the amino acid (commonly Asparagine) of the protein 
with which it is associated. Most important are the 
endoglycosidases and exoglycosidases which are both 
hydrolases and are so named because of their ability 
to specifically cleave glycosidic bonds either within 
the carbohydrate structure 

(endo-) or at the terminal monosaccharides (exo-) at 
the non-reducing end of the molecule. 



Endoglycosidases have been described that cleave 
oligosaccharides at the reducing end at the 
penultimate monosaccharide to the amino acid 
attachment site on the peptide. Five endo-ft-N- 
Acetylglucosaminidases have been purified sufficiently 
for use in structural studies each having a different 
substrate specificity (Kobata 1984) . In addition, an 
endo-a-N-acetylgalactosaminidase has also been 
isolated (Umemoto et al . 1977, J. Biol. Chem. 
252:8609-8614; Bhavanandan et al . 1976, Biochem. 
Biophys. Res. Commun . 70:738-745). The specificity of 
these endoglycosidases make them powerful tools in 
analyzing oligosaccharide structure. At this time, 
endoglycosidases have limited applicability due to the 
small number of characterized enzymes currently 
commercially available. An increased number of 
characterized endoglycosidases having different 
specificities would be of utility in carbohydrate 
analyses . 

Oligosaccharides released by endoglycosidase 
digestion or by chemical means may be further 
characterized by exoglycosidase digestion. 
Exoglycosidases are hydrolases that cleave 
monosaccharide units from the non-reducing terminus of 
oligosaccharides and polysaccharides. Because 
exoglycosidases have known specificities for different 
terminal monosaccharides as well as for different 
anomeric forms, they have been used to sequence 
oligosaccharides. Sequential exoglycosidase digestion 
used in conjunction with gel permeation chromatography 
was first described by Yashita et al. in 1982 (Methods 
in Enzymology 83:105-126). Edge et al . (1992, PNAS 
89:6338-6342) described multiplex enzyme reaction 
digestions and analysis of a sequence by analysis of 
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arrays of enzyme digestions. The power of sequencing 
oligosaccharides using glycosidases has been limited 
by the availability of enzymes with well-characterized 
substrate specificities. The limitations of 
substrates for analyzing glycosidase activity has also 
resulted in incomplete data on qlycosidic linkages 
between monosaccharides. As a result, it has been 
necessary to conduct methylation analysis to determine 
glycosidic linkages subsequent to sequence analysis. 

Exoglycosidases have been isolated from diverse 
sources including bacteria, viruses, plants and 
mammals and have specificities for sialic acid (a 
anomer) , galactose (a and (3) , N-acety Iglucosamine (a 
and fi) , N-acetylgalactosamine (a and p) , mannose (a 
and p (Sano et al. 1992, J. Biol. Chem. 267:1522-1527; 
Moremen et al . 1991, J. Biol. Chem. 266:16876-16885; 
Camirand et al. 1991, J. Biol. Chem. 2 66:15120-15127; 
Gasperi et al . 1992, J. Biol. Chem. 267:9706-9712; 
Ziegler et al. 1991, Glycobiology 1:605-614; Schatzle 
et al. 1992, J. Biol. Chem. 267:4000-4007). 

Glycosidases in the prior art have been defined 
in most examples by their substrate specificity where 
the characterization of the enzyme is limited by the 
availability of suitable substrates and the complexity 
of the assay. Furthermore, enzymes in the prior art 
are frequently named in an arbitrary fashion, where 
the names suggest biological activities that have 
never been demonstrated. Limitations in the 
characterization of crude extracts or purified enzymes 
arise in the prior art because of the lack of suitable 
assays that identify what substrates are cleaved and 
what substrates are not cleaved by any single enzyme. 
Associated with the problems of characterizing the 
enzymes are problems associated with identifying 



contaminating glycosidase activity. Furthermore, not 
only are glycosidase preparations commonly 
contaminated with other glycosidases they are also 
contaminated with proteases. The limitations in 
characterizing enzymes cited in the prior art and the 
difficulties in obtaining substantially pure 
preparations of glycosidases is reflected in the 
sparsity of the list of commercially available 
glycosidases (see Table 1) . 

The substrates most commonly used in the prior 
art are derivatized monosaccharides (p-nitrophenyl- 
monosaccharide or 4-methylumbellif ery 1 

monosaccharide) . Whereas these substrates may provide 
information on some of the monosaccharides that are 
recognized by glycosidases, no information on 
glycosidic bond cleavage specificities can be obtained 
because the monosaccharide is chemically linked to the 
chromogenic marker and is not linked through a 
glycosidic linkage to a second monosaccharide. In 
addition the derivatized substrates are of limited use 
in characterizing the recognition site of a 
glycosidase. Glycosidases that cleave the 
monosaccharide derivative, do not always cleave the 
same monosaccharide in an oligosaccharide. Likewise, 
glycosidases that cleave an oligosaccharide may not 
cleave a derivatized substrate (Gasperi et al. 1992, 
J. Biol. Chem. 267:9706-9712). 

A systematic approach is required to develop a 
set of labelled oligosaccharides suitable for 
characterizing the recognition site and the glycosidic 
cleavage site of a glycosidase. In addition to 
providing suitable substrates, simple rapid methods of 
analyzing the products of a single or multiple 
glycosidase reaction are required to accomplish the 
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screening of a single glycosidase against multiple 
substrates or of multiple glycosidases against a 
single substrate. 

Many of the glycosidases that are currently 
available have important limitations as analytic 
reagents (Jacob, et al . , 1994, Methods Enzymol. 
230:280-299). These include the following: 

1) Contamination of exoglycosidase preparations 
with other exoglycosidase impurities that results in 
ambiguous digestion results. 

2) Lack of specificity of the exoglycosidase for 
a specific glycosidic linkage. Glycosidases that have 
been characterized appear to recognize multiple 
linkages, some of these linkages being preferentially 
recognized over others. It would be desirable to 
identify the extent of preference of any given 
glycosidase for a single linkage. 

Furthermore, as analytic reagents, the repertoire 
of available exoglycosidases of varying specificities 
does not provide sufficient range to analyze and 
differentiate many of the linear or branched 
structures that occur in nature. 

Of the available glycosidases, there is a deficit 
of substantially pure highly specific enzymes that 
have defined and reproducible substrate specificities 
to perform carbohydrate analyses. The deficiency in 
the availability of these enzymes for carbohydrate 
analyses is caused at least in part by the lack of 
available techniques to isolate novel glycosidases and 
to characterize their substrate specificities. The 
availability of a wide range of glycosidases that have 
defined monosaccharide and glycosidic linkage 
preferences would eliminate the existing requirement 
for additional types of analysis such as methylation 



analysis to fully characterize an oligosaccharide and 
would provide a powerful tool in rapid 

characterization of novel carbohydrate structures and 
their biological properties. 

Source of exoglycosidases . 

A limited number of exoglycosidases are 
commercially available (see Table 1) . In addition, a 
large number of exoglycosidases have been isolated 
from a variety of organisms as described above. A 
partial list of exoglycosidases known to be useful for 
sequence determinations is provided by Linhardt et al . 
1992, International Publication Number WO 92/02816. 
An additional list of exoglycosidases is provided by 
Kaughland 1993, International Publication Number 
WO/93/04074. A comprehensive review of glycosidases 
is provided by Conzelman et al . 1987, Advances in 
Enzymology 60:89; Flowers et al. 1979, Advances in 
Enzymology 48:29; Kobata 1979, Anal. Biochem. 100:1- 
14. 

Although glycosidases that are presently 
available have been generally isolated and 
manufactured from natural sources, Schatzle et al. 
1992, J. Biol. Chem. 267:4000-4007, has reported 
cloning and sequencing the lysosomal enzyme a- 
Mannosidase isolated from Dictyostelium discoideum. 
Although Schatzle et al . characterized the structural 
properties of the enzyme, the substrate specificity 
with regard to glycosidic linkages was not revealed. 
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TABLE 1 

COMMERCIALLY AVAILABLE GLYCOSIDASES 



LINKAGE 
ENZYME 



SOURCE 



SPECIFICITY 



10 



/3-N-Acetylglucosaminidase 

Streptococcus pneumoniae OGS ' BMB l-^ , 3>4 , 6 ( + 

GalNAc) 



15 



20 



25 



30 



Chicken liver 0GS 
Bovine kidney BMB 
a-Fucosidase 

Almond meal G ' 0GS 
Streptomyces sp 142 T 
ArthroJbacter T 
Chicken liver 0GS 
Fusarium oxysporiunf 
Bovine epididymis OGS 
Bovine kidney BMB 
a-Galactosidase 

Coffee bean BMB ' OGS 

Mnrtieralla vinacea s 
/3-Galactosidase 

Steptococcus pneumoniae 

Bovine testes 003 ' 8 " 8 

Jack bean OGS ' s 

Chicken liver 005 
a -Manno s i da s e 

Jack bean 

Aspergillus saitoi OGS l-2 



1-3/4 (+ GalNAc] 
? (+ GalNAc) 

1-3, 4 
1-3, 4 
1-2 

1-2,4,6 
1-2,4 

l-6»2, 3, 4 
? 

1-3,4, 6 
1-4,6 

pGS,BMB,S 1-4 

1-3, 4>6 
1-3, 4>6 
1-3, 4 

1-2, 6>3 



BMB: Boehringer Mannheim 

35 G: Genzyme 

OGS: Oxford GlycoSystems 

S : Seikagaku 

T: Takara 
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For the foregoing reasons, there is a need for 
novel substantially pure glycosidases suitable as 
reagents having defined substrate specificities and 
where the purified enzyme preparations are in a form 
that provides reproducible cleavage 

activity. Furthermore, there is a need for methods of 
isolating and manufacturing a wide array of these 
enzymes suitable for analyzing the wide variety of 
carbohydrate structures that occur in nature. 
Furthermore, there is a need for rapid, low cost, 
simple methods of carbohydrate analysis so as to 
characterize the substrate specificities of the 
enzymes; to provide rapid low cost methods of 
sequencing carbohydrate structures; and to modify 
carbohydrate moieties on glycoproteins and glycolipids 
for purposes of altering the biological properties of 
such molecules. The availability of a rapid, low 
cost, simple method of carbohydrate analysis would 
provide many opportunities to analyze the wide variety 
of carbohydrate structures that occur in nature, to 
understand the functions of these molecules and to 
modify their biological properties for useful purposes 
by manipulating their structures. 

SUMMARY OF THE INVENTION 

The present invention is directed to compositions 
and methods that satisfy the need for novel, 
substantially pure glycosidases having identified 
substrate specificities - 

A preferred embodiment is a substantially pure 
glycosidase obtainable from Xanthomonas . A form of 
the glycosidase is a recombinant glycosidase that is 



cloned by isolating DNA from a first organism, forming 
a gene library from the DNA in a second organism and 
identifying recombinant clones of the second organism 
having glycosidase activity. 

An additional preferred embodiment is a 
substantially pure glycosidase having a substrate 
specificity for a GlcNAcfil-X wherein the specificity 
of the glycosidase for GlcNAc[5l-X is 100 fold greater 
than for GalNAcpl-X. 

Additional embodiments of the invention are 
compositions comprising substantially pure 
Galactosidases, Fucosidases or Mannosidases obtainable 
from Xanthomonas . 

Additional embodiments of the invention include 
substantially pure glycosidases having substrate 
specificities for Manal-3R glycosidic linkage, Man£l- 
4R glycosidic linkage or for Xylpl-2R glycosidic 
linkage . 

Embodiments of the invention include a method for 
modifying a carbohydrate comprising selecting at least 
one glycosidase derived from Xanthomonas, cleaving 
selected glycosidic bonds between constituent 
monosaccharides of the carbohydrate by means of 
glycosidase digestion and forming a modified 
carbohydrate . 

A further method of the invention is one for 
selectively cleaving a glycosidic linkage in a 
carbohydrate substrate comprising selecting a 
glycosidase from Xanthomonas having a substrate 
specificity for a glycosidic linkage, permitting the 
glycosidase to react with the carbohydrate substrate 
and cleaving the carbohydrate substrate. 

A further method of the invention comprises 
selectively cleaving a GlcNAcpl-X from a carbohydrate 
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comprising selecting a glycosidase having a substrate 
specificity for GlcNAcPl-X, the substrate specificity 
being at least 100 fold greater for GlcNAcpl-X than 
for GalNAcj3l-X, permitting the glycosidase to react 
with the carbohydrate and cleaving the GlcNAcpl-X. 

Further embodiments of the invention include 
cleaving Manotl-3R or Mancxl-6R in a carbohydrate by 
selecting glycosidases capable of selectively cleaving 
either of these linkages with at least 100 fold 
preference over Manal-6R or Manal-3R respectively. 

These and other features, aspects and advantages 
of the present invention will become better understood 
with reference to the following description and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects of the invention will 
become better understood with regard to the following 
description- appended claims and accompanying drawings 
where: 

Fig, 1 shows the possible glycosidic linkages 
that may be formed between two monosaccharides. 

Fig. 2 shows the results of incubating crude 
extracts of Xanthomonas with oligosaccharide 
substrates to determine the presence of glycosidic 
activity . 

Fig. 3 shows a titration of ocl-3, 6 Galactosidase 
using two fold serial dilutions of purified enzyme on 
a substrate (109) to determine enzyme concentration. 

Fig. 4 shows the characterization of 
al-2 Fucosidase (II) and ocl-3, 4 Fucosidase (I) using 
substrates 120, 95, and 113. 



Fig. 5 shows the characterization of p-GlcNAcase 
using substrates 118 and 167 to demonstrate selective 
cleavage of linear pGlcNAcl-X over pGalNAcl-X. 

Fig. 6 shows the characterization of p-GlcNAcase 
using linear and branched substrates. 

Fig, shows the characterization of p-GlcNAcase 
derived from Xanthomonas compared with Hexosaminidases 
derived from commercial sources where the 
Hexosaminidases are contaminated with additional 
glycosidases . 

Fig. 8 shows the characterization of pl-3>>4 
Galactosidase from Xanthomonas where substrate 
preference for Gaipi-3R linkages over Gaipi-4R 
linkages are demonstrated and differentiated from 
commercial enzymes from chicken liver and bovine 
testes . 

Fig. 9 shows the characterization of Otl-3,6 
Galactosidase with a demonstration of the lack of 
activity of the enzyme for Galal-4R linkages found in 
Galactosidases from other sources (coffee bean) - 

Fig. 10 shows the characterization of cc- 
Mannosidases I, II and III activity on linear 
substrates . 

Fig. 11 shows the characterization of ot- 
Mannosidases If II and III activity on branched 
substrates . 

Fig. 12 shows the characterization of P~ 
Glucosidase derived from Xanthomonas where substrate 
preference for GluPl-4R linkages over Gluocl-4R, 
GlcNAcPl-4R linkages are demonstrated. 

Fig. 13 shows the results of incubating crude 
extracts of Xanthomonas and Bacillus with 



oligosaccharide substrate 300 to determine the 
presence of glycosidase activity. 

Fig. 14 shows the results of incubating crude 
extracs of X. campestris with p-nitrophenyl glycoside 
substrates to determine the presence of glycosidase 
activity . 

Fig. 15 shows the results of incubating crude 
extracts of X. campestris with oligosaccharide 
substrates to determine the presence of glycosidase 
activity . 

Fig. 16 shows the characterization of p- 
xylosidase derived from Xanthomonas using substrates 
300 and 264. 

Fig. 17 shows the characterization of P~ 
mannosidase derived from Xanthomonas using substrates 
259 and 300. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

"Substrate specificity" of a glycosidase is 
defined here and in the following claims as the 
ability of the glycosidase to recognize a specific 
monosaccharide or oligosaccharide and to cleave a 
characteristic glycosidic linkage positioned in a 
carbohydrate structure . 

"A glycosidase" is defined here and in the claims 
as an enzyme that can catalyze the hydrolysis of the 
glycosidic linkage between two adjacent 
monosaccharides (wherein the monosaccharides occur 
within oligosaccharides, polysaccharides or in complex 
carbohydrates such as glycoproteins and glycolipids) . 

"Carbohydrate" is defined here and in the claims 
to denote oligosaccharides, polysaccharides or complex 
structures, these molecules either occurring freely or 
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attached to a second molecule such as a protein or 
lipid. 

"Oligosaccharide" is defined here and in the 
claims as a series of linked monosaccharides having a 
chain length in the' range of two or more 
monosaccharides to approximately 30 monosaccharides. 

"l-X" is defined here and in the claims as a 
linkage between the carbon 1 of a specified 
monosaccharide and an unspecified carbon on an 
adjacent unspecified monosaccharide. 

" 1-3R" is defined here and in the claims as a 
linkage between a carbon 1 on a specified 
monosaccharide and a carbon 3 of an adjacent 
unspecified monosaccharide (the unspecified 
monosaccharide "R" occurring within an 
oligosaccharide) . Other linkages to carbon atoms 
other than to carbon 3 can be used as long as they are 
specified . 

"A preparation from an organism" is defined here 
and in the claims as including cell extract or media. 

Abbreviations have been used as follows: Glc is 
glucose, Gal is galactose, Fru is fructose, Man is 
mannose, GlcNAc is N-acety lglucosamine , GalNAc is N- 
acetylgalactosamine, Xyl is xylose, Fuc is fucose, ($- 
GlcNAcase is p-N-Acetylglucosaminidase, (3-GalNAcase is 
p-N-Acetylgalactosaminidase, P-Glcase is p- 
Glucosidase, and Co is coumarin, AMC is 7-amino 
methylcoumarin, TLC is thin layer chromatography. 

Development of an assay for glycosidic activity 

A preferred embodiment of the invention includes 
a method of rapidly, simply and accurately determining 
the digestion products of a glycosidase reaction. A 
suitable marker was selected to label substrates and 
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to measure glycosidic activity. The reaction products 
were detected using a rapid and reproducible 
separation technology. The assay method was found to 
be sufficiently sensitive to allow detection of 
contaminating enzyme activity (Fig. 7) , for 
determining enzyme titers- by serial dilution (Fig. 3) 
and for determining relative affinities of a single 
enzyme for single and multiple glycosidic linkages 
(Example 4, Figs. 2,4-11). 

Labelled substrates suitable for screening for 
glycosidase activity. 

Several approaches exist for labeling substrates 
to determine glycoside activity. These include: 
a) Chromogenic monosaccharide derivatives. 
Existing methods of screening for glycosidases most 
commonly use chromogenic derivatives of 
monosaccharides, e.g. p-nitrophenylglycosides 
(Advanced Enzymology 60:89; Trcnsmo et al . 1993, Anal. 
Biochem. 203:74-79) . Whereas cleavage of chromogenic 
monosaccharides provides information about the 
specificity of a glycosidase for a specific 
monosaccharide, these substrates provide little 
information about the specificity of the enzyme for 
glycosidic linkages. Furthermore, cleavage of the 
derivatized monosaccharides does not provide any 
information on how enzyme activity is affected by 
adjacent monosaccharides or other molecular 
structures. As a result, some glycosidases that are 
active on synthetic substrates are inactive on 
oligosaccharides substrates and vice versa (Montreuil 
et al., Carbohydrate Analysis: A Practical Approach, 
Chaplin et al. Eds., ch. 5, pg. 143). In embodiments 
of this invention, p-nitropheny 1 substrates have been 
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used for determining the specificity of newly isolated 
glycosidases for selected monosaccharides. 

b) Fluorescently labelled oligosaccharides. 
Methods are available for labelling oligosaccharides 
with fluorescent amines by reductive amination. 
Examples of such fluorescent amines include: 7-amino- 
methylcoumarin (AMC) (Prahash et al. 1983, Anal. 
Biochem. 128:41-46) , 2-aminopyridine (Reinhold et al. 
1983, J. Carbohydr. Chem 2(1): 1-18); p- 
aminoacetophenone, p-aminobenzoic ethyl ester and 
aniline (Wang et al, 1984, Anal. Biochem. 141:360-361) 
and others incorporated by reference to Klock (1993) 
International Patent Application WO 93/0507 6, Haugland 
(1993) International Patent Application (WO 93/04077) 
and WO 93/04074. 

c) Radioactively labelled oligosaccharides. 
Oligosaccharides have been stoichiometrically 
radiolabeled on the reducing end with NaB 3 H<. for 
various analytical methods used in the structure 
determination of complex oligosaccharides (Young et 
al. 1971, Biochemistry 10:3457; Ty~co 1981. Anal. 
Biochem. 118:278-283; Wells et al. 1981, Anal. 
Biochem. 110:397-406). Alternative methods use 
tritium-labeled oligosaccharides (Yamashita et al. 
1980, J. Biol. Chem. 255 (12) : 5635-5642 ; Fukuda 1985, 
Biochemistry 24:2154-2163). 

In a preferred embodiment of the invention, the 
fluorescent chromophore, 7-aminocoumarin (AMC) was 
selected for labelling oligosaccharide substrates at 
the reducing end. Advantages of AMC labelling include 
the following: high quantum efficiency and excellent 
photostability ; little or no inhibitory effect on 
enzymatic cleavage of glycosidic linkages that are 
more than 1 monosaccharide removed from the reducing 
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end; and ready detectability of the chromophore 
labelled oligosaccharide on a thin layer chromat ogram . 

Analysis of the reaction products of glycosidases . 

Once the labelled substrate (s) have been reacted 
with the glycosidase, the reaction products if any 
were characterized using a suitable separation method. 
Methods for separating oligosaccharides and 
monosaccharides include polyacrylamide gel 
electrophoresis, paper electrophoresis, descending 
paper chromatography, capillary electrophoresis, TLC 
and HPLC. The characteristics of the labelled 
substrate determines in part the choice of separation 
technology. For example, Jackson (Biochem. J. 1990, 
270:705-713) has described a method requiring the 
covalent labeling of oligosaccharides and small 
polysaccharides at their reducing ends using the 
fluorophore 8-aminonapthalene-l , 3, 6 trisulphonic acid 
(ANTS) . This fluorophore was preferred for separation 
by polyacrylamide gel electrophoresis because the 
ionic charge imparted by the label facilitated 
separation of the oligosaccharide in an electric 
field. Indeed this method was able to resolve 
molecules varying in size from single monosaccharides 
to polymers of 26 residues on a single gel using a 
small amount of material. Unfortunately, the 
requirement for labelling the substrate with a 
relatively large charged marker at the reducing end 
can interfere with the exoglycosidase reactions. 
Linhardt (International publication No WO 92/02816) 
described a similar approach to that of Jackson for 
sequencing oligosaccharides. This approach required 
the addition of fluorescent negatively charged groups 
to the reducing end of the oligosaccharide component 



after release from a glycocon jugate and the subsequent 
separation of different oligosaccharides on 
polyacrylamide gels by capillary dynamic sieving 
electrophoresis. Modifications of this approach were 
recently reported by O'Neil (AAAS meeting in August 
1993) and Higgins (AAAS meeting August 199^) . A 
disadvantage of the above approach includes the high 
cost of the procedure. 

An alternative to polyacrylamide gel 
electrophoresis is that of low pressure permeation 
chromatography. This approach was used by Edge et ai . 
1992, PNAS 89:6338-6342 to sequence oligosaccharides 
using a reagent array analysis method. Edge et al. 
mixed radioactive oligosaccharides with mixtures of 
exoglycosidases in different combinations and then 
analyzed the digestion products by Bio-Gel P4 column 
chromatography . 

In a preferred embodiment of the invention, thin- 
layer silica gel chromatography (TLC) has been 
selected as a rapid method of separating hydrolysis 
products of -a glycosidase reaction, by cheir molecular 
weight and the number of hydroxyl groups and is 
capable of separating 7-aminomethy 1 coumarin labelled 
oligosaccharides of different lengths that can be 
readily detected under UV light (see Example 2) . 

The sensitivity of the above technique has been 
demonstrated in examples that reveal the existence of 
contaminating enzymes in commercially available 
substrates (Fig. 7) and in examples that show that a 
single glycosidase may have increased affinity for one 
glycosidic linkage over another (Fig. 8) . 

An important advantage of TLC for the methods of 
the invention is that large numbers of samples (using 
small amounts of substrate) can be rapidly screened 



-25- 

for glycosidase activity without a large investment in 
time and equipment (see Fig. 2) . As many as 25-30 
samples may be loaded onto a single standard sized 
silica gel TLC plate and analyzed in one batch. To 
optimize the separation of AMC-labeled 
oligosaccharides ranging in size from 1 to 30 
carbohydrate residues, polar solvent systems have been 

formulated for the optimization of the separation of 
unmodified oligosaccharides according to the invention 

(Table 2) . 

TABLE 2 

POLAR SOLVENT FORMULATIONS SUITABLE FOR THE 
SEPARATION OF OLIGOSACCHARIDES OF DIFFERENT SIZES 

ISOPROPANOL : OLIGOSACCHARIDES 
SOLVENT LABEL ETHANOL H 2 0 V:V:V: RESOLVED 

- 6 

- 10 



A 


2.5 : 


; 1.0 : 


0 . 5 


1 


B 


2.0 : 


: 1.0 : 


: 1.0 


7 


C 


1.8 : 


: 1 . 0 : 


: 1.2 


10 


D 


1.4 : 


: 1.0 : 


: 1.6 


15 



The ability to screen large numbers of 
oligosaccharides for glycosidic cleavage rapidly, 
simply and accurately, using TLC, that forms a method 
of the invention provides a novel approach to the 
automation of carbohydrate sequencing. 

Automation utilizing the analysis of coumarin 
labelled substrates on TLC might include the following 
features: forming a primary array comprising aliquotec 
labelled substrates mixed with defined mixtures of 
exoglycosidases . The array would be chosen to 
determine the type of oligosaccharide (such as high 
mannose, complex or hybrid) and to determine the 
general structure of the oligosaccharide in terms of 
regions of mannose, galactose etc using glycosidases 
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that are not linkage specific. Samples from the 
reaction mixtures would be spotted onto TLC plates and 
run in various solvents (depending on the size of the 
oligosaccharide) . The TLC plates would then be placed 
in organized grids to allow the fluorescence to be 
detected by UV light, digitized and recorded. 
Markings off the grid could be compared to patterns 
stored in the computerized database and all possible 
theoretical sequences determined. Ambiguities in 
sequence structure would then be resolved in a second 
round of glycosidase reactions utilizing 
exoglycosidases that have substrate specificity for 
selected glycosidic linkages and branched or linear 
molecules . 

This type of approach to automated analysis has 
many advantages. These include a single step 
sequencing method, utilization of a wide range of 
characterized glycosidases and substrates and a 
requirement for small amounts of substrate. 

The choice of aMC as the fluorescent marker and 
TLC as a separation methodology does not however 
preclude other markers or other separation techniques 
from being used to assay glycosidic activity according 
to the methods of the invention. 

Screening and Characterization of Glycosidases. 

A specific embodiment of the invention includes a 
method the screening and for characterizing 
glycosidases. Organisms are selected that have an 
increased probability of producing a range of 
glycosidases. The method involves the analysis of the 
glycosidase hydrolysis products from crude 
preparations of the organism using labelled 
oligosaccharide substrates or derivatized 



monosaccharides that have a defined length, 
composition, and secondary structure. Subsequently, 
glycosidases are isolated and further characterized 
and their substrate specificities are further defined. 

Screening organisms for novel glycosidases. 

An embodiment of the invention is the recognition 
that organisms that selectively utilize carbohydrates 
as a food source represent a source of novel 
glycosidases. This feature is exemplified in Tables 3 
and 4. In these Tables, cell extracts of different 
strains of Xanthomonas and Bacillus were screened 
using a set of coumar in-labelled oligosaccharides as 
substrates as described in Example 2. Reaction 
products were identified by TLC . In addition to cell 
extracts, media collected from preparations of cells 
may also be screened for glycosidase activity. 

A number of novel exoglycosidases were identified 
from Xanthomonas extracts following thin layer 
chromatography of reacted substrates (Fig. 2) . All 
Xanthomonas strains tested with a set of substrates 
had at least 1 glycosidase activity. Six of seven 
(86%) had at least 3 glycosidase activities including 
N-Acetylglucosaminidase, Fucosidase, Galactosidase and 
Mannosidase activity. In contrast, when soil derived 
Bacillus strains were tested for glycosidase activity, 
only 2 of the 9 strains had at least a single 
glycosidase activity. 

With reference to Tables 3 and 4, a random 
screening method has been developed which allows for a 
wide range of cell extracts, media or other 
preparations from related organisms or unrelated 
organisms to be systematically screened for 
glycosidase activity against any of a set of 



f luorescently labelled oligosaccharides of known 
structure and sequence. 

This novel approach revealed multiple enzyme 
activities in different strains of related organisms 
(Xanthomonas) (Fig. 2) which have been further 
characterized in a single strain of organism, an 
example being Xanthomonas manihotis . The invention is 
not limited in scope to Xanthomonas which serves here 
as an example of the utility of the invention. 
Instead, the invention is applicable to a wide range 
of organisms and cells. 

Production of glycosidases 

The glycosidases identified by the random 
screening method of the invention and subsequently 
isolated, purified and further screened against 
selected substrates, may be further characterized by 
protein sequencing providing a partial or complete 
protein sequence and a DNA coding sequence for 
purposes of preparing recombinant forms of the enzyme. 
In an embodiment: of the invention, a method is 
described for cloning glycosidases and for screening 
recombinant clones so as to identify and isolate 
clones (Example 5) . The efficiency of isolating 
recombinant clones can be further improved by growing 
the recombinant library on specific food sources 
accessible only to those organisms expressing a 
specific glycosidases. An embodiment of such a 
screening substrate includes a disaccharide (see 
Example 5) or an oligosaccharide linked to pantothenic 
acid. The availability of cloned glycosidases having 
a known DNA sequence further permits the genetic 
engineering of these DNA sequences to form mutant 
enzymes having altered substrate specificities. 
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Characterization of glycosidase activity 

Subsequent to the identification of enzyme 
activity in a crude extract, the invention provides 
for the isolation and purification of the glycosidases 
by techniques known in the art and described more 
fully in Example 3 (for glycosidases derived from 
Xanthomonas) . Following the isolation and 
purification of glycosidases, further characterization 
of the enzyme by its substrate specificity was 
performed (Figs- 4-11) . Cofactor determination and 
the optimal pH of the reaction was also as identified 
as described in Table 5 and Example 4 . 

The invention is by no means restricted in scope 
to the substrates or the enzymes described below. 
Indeed, novel enzymes resulting from the screening 
method described, provide the means to construct novel 
labelled oligosaccharide substrates which may be 
further used to analyze crude extracts of organism or 
cells in an iterative process. 

Novel glycosidases isolated and characterized 
from Xanthomonas according to this invention have been 
characterized by the following features. 

(a) Selective substrate specificity for 
different monosaccharides. Glycosidases of the 
invention are capable of differentiating between 
stereoisomers of pyranose monosaccharides. In 
particular, the fi-N-Acety Iglucosaminidase of the 
invention has a selective affinity of at least 100 
fold for (5-N-AcetylgIucosamine (GlcNAcpl-X) over J5-N- 
Acetylgalactosamine (GalNAcpl-X) . This is in contrast 
to p-N-Acetylglucosaminidases of the prior art that do 
not readily differentiate between the two forms (Fig. 
7) . 
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(b) Ability to distinguish between anomeric forms 
of a single monosaccharide. Within the set of 
substrates assayed, a glycosidase has specificity for 
one anomeric form only (a or p) of a monosaccharide. 

(c) Substrate specificity for selected 
glycosidic linkages. The glycosidases of the 
invention have demonstrated selective specificity for 
the following: a single glycosidic linkage (for 
example Fucal-2R, Manal-6R from Xanthomonas) , or for 
more than one glycosidic linkage (for example, Manal- 
3R and Manotl-6R, or for Galocl-3R and Galocl-6R or 
Fucocl-3R and Fucal-4R from Xanthomonas) (Figs. 4, 9- 
11; Tables 6, 8) . 

In some cases, a selective preference is 
identified for a single linkage. For some enzymes, 
cleavage of a plurality of linkages was observed with 
an established preference for one linkage over a 
second linkage (for example, (3-Galactosidase obtained 
from Xanthomonas has a quantified preference for 
Gaipl-3R ever Gal(3l-4R (GalJ5l-3»4R) (Fig. 8) . In 
addition, some of the glycosidases of the invention 
have a preference for cleaving substrates in a linear 
array whereas other glycosidases are capable of 
cleaving at branch points in an oligosaccharide (ccl- 
3,4 Fucosidase, al-3,6 Mannosidase) . Whereas the 
glycosidases of the invention provide reproducible 
cleavage profiles using available oligosaccharide 
motifs, variations in cleavage patterns may arise if 
the substrate is associated with carbohydrate 
structures (monosaccharides, oligosaccharide or 
polysaccharides) or with proteins, lipids or syntheti 
markers that sterically affect enzyme activity. 



Although it is not possible to screen a single 
novel glycosidase against all possible substrate 
variants, selected substrates that represent commonly 
occurring carbohydrate motifs have been used here to 
characterize glycosidases of the invention. The 
analysis however does not exclude the possibility that 
a glycosidase of the invention is capable of 
recognizing an additional substrate not included in 
the screening assay. Alternatively, a glycosidase may 
fail to recognize a known substrate included in a 
moiety of a larger molecule because of steric effects 
resulting from distantly located molecules in the same 
structure . 

Included in the glycosidases described herein, is 
an al-2 Fucosidase with an ability to cleave Fucocl-2R 
linkages at a branch point. Cleavage of branched 
Fucccl-2R has utility in reducing the immunogenicity of 
stored blood and the availability of an ce-Fucosidase 
tiiat selectively cleaves this substrate, provides an 
approach to modifying the ABO reactivity of blood 
stored in blood banks. Among the glycosidases 
described above, the al-3, 6 Galactosidase has clinical 
importance because of its ability to cleave the 
antigenic Galal-3R linkage that is commonly terminally 
positioned on recombinant glycoproteins manufactured 
in non-human cell lines. The removal of the Galocl-3R 
linkage would eliminate an undesirable immune response 
to recombinant therapeutic proteins. 

The identification of al-3, 6 Mannosidase, al-2, 3 
Mannosidase, the al-3 Mannosidase and al-6 Mannosidase 
provide for the first time the ability to identify and 
sequence the antennary branches attached to specific 
mannose linkages in high mannose and hybrid structures 
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thereby providing significantly greater resolution of 
structure than previously possible by enzymatic 
methods . 

Applications of glycosidases 

In an embodiment of the invention, the 
combination of large numbers of isolated, 
substantially pure glycosidases having an identified 
substrate specificity together with a rapid and simple 
assay for identifying reaction products, provide an 
improved method for accomplishing the following 
applications: 

a) sequencing carbohydrate structures that occur 
either freely in nature or have been cleaved from 
proteins or lipids; 

b) modifying oligosaccharides on glycoprotein, 
glycolipid or carbohydrate molecules that occur freely 
in nature for purposes of identifying the biological 
role of the oligosaccharides or for altering the 
biological characteristics of the molecule, where the 
molecules include therapeutic proteins; 

c) purifying a desired glycosidase by column 
chromatography or other means that require analysis of 
fractions having glycolytic activity and allowing the 
detection of undesirable contaminating glycosidases; 

d) manufacturing processes that require 
degradation of naturally occurring carbohydrate 
structures such as cellulose from plant material for 
use in the paper industry; 

e) characterizing carbohydrate receptors on 
cells having a specificity for selected 
oligosaccharide ligands; 

f) investigating mechanisms of action for 
biological systems that rely on characteristic 



carbohydrate structures as described by Varki 1993 , 
Glycobiology 3:97-130 where the cited applications are 
incorporated by reference. 

To more easily perform the above methods, kits 
may be prepared wherein the kits include a set of 
glycosidic enzymes isolated from natural sources or by 
recombinant means (the recombinant form being 
manufactured by fermentation of transformed 
microorganisms or from transgenic animals and plants) 
being substantially pure and having identified 
substrate specificities suitable for sequencing 
carbohydrates. Such kits may include reagents either 
singly or together that are suitable for cleaving 
oligosaccharides from proteins, lipids or 
carbohydrates and adding a fluorescent label 
(coumarin) at the reducing end. 

Additionally, kits may be prepared wherein the 
kits include a set of glycosidic enzymes isolated from 
natural sources or by recombinant means being 
substantially pure and having identified substrate 
specificities suitable for identifying the biological 
role of carbohydrate moieties or for altering the 
biological characteristics of the macromolecule 
including therapeutic proteins. 

Additionally, kits may be prepared wherein the 
kits include sets of fluorescent labelled substrates 
such as coumarin labelled substrates suitable for 
rapidly assaying glycosidase activity during the 
purification of such enzymes by column chromatography 
or other means that require analysis of fractions 
having glycolytic activity. 

Kits may be prepared wherein the kits include 
enzymes suited for industrial scale treatment of 
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naturally occurring or synthetic carbohydrate 
structures . 

EXAMPLES 

EXAMPLE 1: PREPARATION OF SUBSTRATES FOR ENZYME 

ASSAYS: AMC-LABELING OF OLIGOSACCHARIDES. 

0.25 to 1 mg oligosaccharide (either commercially 
obtained from Accurate Chemical and Scientific Corp., 
Westbury, NY; Sigma Chemical, St. Louis, MO; 
Pfanstiehl Labs, Waukegan, IL; and V-Labs Inc., 
Covington, LA or isolated according the method 
incorporated by reference from Carbohydrate Analysis: 
A Practical Approach (1986) Eds. Chaplin, M.F.Kennedy, 
J.F. (IRL Press Limited, England) pp. 150-151) 

0.1 to 5.0 pmoles oligosaccharide was dissolved 
in 100 pi H 2 0. The aqueous carbohydrate solution was 
added to a solution containing 300 pi methanol, 20 mg 
(0.11 pmole) AMC (Eastman Kodak-Rochester NY), 35 mg 
(0.55 pmole) NaCNBH 3 and 41 pi glacial acetic acid. 
The mixture was sealed into a screw cap microfuge tube 
and heated in a dry block at 80°C for 45 minutes. The 
reaction was loaded onto a G-25 column (2x50 cm) 
equilibrated with deionized water. The product was 
eluted with deionized water and 1 ml fractions were 
collected. Fractions were assayed for purity by 
carefully spotting (to form a band) , 5 pi onto a 
silica gel 60 TLC plate. The plate was developed by 
TLC as described in Example 2. The appropriate 
fractions were pooled and concentrated by vacuum to 
approximately 0.1-1 pmole/ml. Stock solutions were 
stored at -20°C. 
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EXAMPLE 2: METHOD FOR SCREENING ORGANISMS FOR 
GLYCOS IDASE ACTIVITY. 

Preparation of cell extracts for screening assay. 

0.1 - 0.5 g of cell- paste was thawed and 
suspended in three volumes of Buffer A" (20 mM Tris- 
HC1 pH 7.5, 50 mM NaCl, 1 mM EDTA) . The ceil 
suspension was briefly sonicated before being 
centrifuged at 14,000 rpm for 10 minutes at 4°C in an 
Eppendorf microcentrifuge. 

Glycosidase Digestion Reaction. 

1-5 pi of bacterial cell extract or cell growth 
media or partially purified extracts were added to a 
lOpl reaction mixture containing 1 nanomole of AMC 
labelled substrate in 50mM Na citrate buffer (various 
pH's and cofactors; see Table 5). The reaction was 
incubated at 37°C for a period in the range of 5 
minutes to 20 hours. 2-3 pi of reaction was spotted 
in a band onto a silica gel TLC plate as described 
below. One unit of enzyme was defined as the amount 
of enzyme required to release 1 nmole of terminal 
monosaccharide from an oligosaccharide substrate at 
37°C in 1 hour. 

Analysis of Digestion Products by Thin Layer 
Chromatography of AMC-Labeled Oligosaccharides . 

2-3 pi (= 0.25 nmoles substrate) of glycosidase 

digestion reaction were spotted in a tight band (0.5 

cm wide lane) onto silica gel 60 TLC glass-backed 

plates (0.25 mm thick, 20x20 cm). The bands were 

completely dried with a hot air gun (temperature 

should not exceed 70°C) . The TLC plate was developed 

until the solvent front moved 10 cm, in various 

isopropanol: ethanol: H 2 0 mixtures (Table 1) depending 
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on the oligosaccharide sizes. The bands were 
visualized with a hand-held 314 nm ultraviolet lamp. 
A minimum of 0 . Inmol of digestion product could be 
detected using this technique. 

Controls included a marker consisting of an 
undigested disaccharide (92b) (Galpl-4GlcNAc-Co) a 
tetrasaccharide (167) (Gaipi~3GlcNAcpl-3Galpl-4Glc-Co) 
and a hexasaccharide (197) Galpl-4GlcNAcpl-6 (Galpl- 
4GlcNAcpl-3) Galpl-4Glc-Co . Undigested substrate also 
served as a control. 

The results of screening 16 cell extracts from 
different bacterial strains of Xanthomonas and 
Bacillus are summarized in Tables 3 and 4. All 
extracts of Xanthomonas cleaved at least one of 14 
substrates tested with some cleaving as many as 10 
substrates indicating multiple enzyme activities. 

Fig. 2 shows the results of an analysis of seven 
crude extracts derived from Xanthomonas strains and 
tested against substrate 113 (Galpl-3 (Fucal- 
4) GlcNAcpl-3GaiPl-4Glc-Co) and substrate 167 (Galpl- 
3GlcNAcpi-3GaIpi-4Glc-Co) . 



SUBSTRATE A 

5 GlcNAcPl-4GlcNAcPl-4GlcNAc 
GalNAc(3l-3Galal-4Galpl-4Glc 
Fucal-2Gaipi-4Glc 
Gaipi-4GlcNAcpl-3Galpl-4Glc 

10 Fucal-3 

Galpl-3GlcNAcpl-3Galpl-4Glc 
I 

Fucal-4 

Galal-3Galpl-3GlcNAc 
15. Galal-4Gal(il-4Gal 

Galal-6Glcal-2Fru 

Galpl-3GlcNAcpl-3Galpl-4Glc 

Gal(5l-4GlcNAc{il-3Gaipi-4Glc 

Glc(3l-4Glcpl-4Glc 
20 Manal-2Manal-3Man{il-4GlcNAc 

Manal - 3Manpl - 4 Gl cNAc 

Manal \ Fucal-3 

6 i 

Manpl-4GlcNAcf3l-4GlcNAc 

25 3 I 

Manal / Xyl(Sl-2 
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TABLE 3 

RESULTS FROM GLYCOSIDASE SCREEN 
BACILLUS 

n t* r D E FGHI 



+ 



+ 

+ 



30 A: Bacillus globigii I 

B: Bacillus globigii II 

C: Bacillus caldolyticus 

D: Bacillus brevis 

E: Bacillus stearothemophilus strain A 

35 f: Bacillus stearothemophilus strain B 

G: Bacillus aneurinolyticus 

H: Bacillus sphaericus 

I: Bacillus stearothemophilus strain C 

40 Note: Only 2 of 9 Bacillus strains tested had at least 

1 glycosidase activity. None had at least 3 
glycosidase activities . 
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TABLE 4 

RESULTS FROM GLYCOSIDASE SCREEN 
XANTHOMONAS 

SUBSTRATE A B C D E FG 

GlcNAcpl-4GlcNAc(Jl-4GicNAc + + + + 

GalNAcpl-3Galal-4Galpl-4Glc ------- 

Fuc(Xl-2Galpl-4Glc + " + + + + " 

Galpl-4GlcNAcpl-3Gal(il-4Glc + + + + + — 
I 

Fucal-3 

Galpl-3GlcNAcpl-3Galpl-4Glc + 4- + + + 
I 

Fucal-4 

GalOtl-3Gal{3l-3GlcNAc + + 

Galocl-4Galpl-4Gal - 
Galal-6Glcal-2Fru - - + + 

Galpl-3GlcNAcPl-3Galpl-4Glc +++++" 
Galpl-4GlcNAcPl-3Galpl-4Glc + 
Glcpl-4Glcpl-4Glc + + + 

Manal-2Manai -3Manpl-4GicNAc - 
Manal-3Manpl-4GlcNAc + - + 

Manal \ Fucal-3 

6 [ 

ManPl-4GlcNAcpl-4GlcNAc 

Manal / Xyl^l-2 + - + 



+ + ++ 

+ 4- +- 

+ 



A: Xanthomonas holcicola ATCC# 134 61 

B: Xanthomonas hadrii ATCC# 11672 

C: Xanthomonas manihotis ATCC# 4 97 64 

D: Xanthomonas cyanopsidis ATCC# 55472 

E: Xanthomonas oryzae ATCCt 55470 

F: Xanthomonas campestris ATCC# 55471 

G: Xanthomonas campestris 

Note: All Xanthomonas strains tested had at least 1 
glycosidase activity. 

6 of 7 (86%) had at least 3 glycosidase activities. 
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EXAMPLE 3: METHOD FOR PURIFICATION OF GLYCOSIDASES 
FROM XANTHOMONAS MANIHOTIS . 

Fermentation of Xanthomonas manlhotls . 

Xantho/nonas /nanihotis strain NEB 257 (ATCC # 
49764) was grown in media consisting of 1 g/1 yeast 
extract, 2 g/1 tryptone, 6 g/1 sodium phosphate 
(dibasic) , 3 g/1 potassium phosphate (monobasic) , 
0.5g/l NaCI, 1 g/1 ammonium chloride, 2 g/1 glucose, 1 
mM calcium chloride, 1 mM magnesium sulfate. The 
cells were incubated at 30°C until late logarithmic 
stage with aeration and agitation. The cells were 
harvested by centrif ugat ion and stored frozen at -70°C. 

Preparation of Crude Extract . 

All further procedures were performed either on 
ice or at 4°C. 254 grams of cell paste obtained above 
were suspended in two volumes of Buffer A (20mM Tris- 
HC1 (pH 7.5) 50 mM NaCI, O.lmM EDTA) . The cell 
suspension was passed through a Gauiin homogenizer 
(Model M-15) twice at 12,000 psi. The lysate was 
centrifuged at l,300g for 40 min in a Sharpies 
continuous centrifuge. 500 ml of supernatant was 
obtained. 

Purification of Glycosidases . 

Glycosidases were separated and purified from 
crude cell extracts by utilizing a series of 
separation methods that differentiated the enzymes 
according to their hydrophobicity 

and their charge. Enzymes were assayed according to 
the methods described in Example 2 using conditions 
described in Table 5. 



The crude extract (500 ml) was loaded onto a 
column of DEAE Sepharose CL-6B (5.0 X 25 cm) 
equilibrated with Buffer A (20 mM Tris-HCl pH 7.5, 50 
mM NaCl, 0.1 mM EDTA) . The column was washed with 
2000 ml of Buffer A followed by a linear gradient of 
NaCl formed with 2000 ml of Buffer A and 2000 ml of 
Buffer A containing 1 M NaCl. Fractions (21 ml) were 
collected at a flow- rate of 3 ml/min. Fractions were 
assayed for al-2 Fucosidase activity as described 
above. The peak of enzyme activity eluted from the 
column between 0.35 - 0.5 M NaCl. Fractions 
containing al-2 Fucosidase activity were pooled and 
the enzyme was further purified as described below in 
Section A. The flow through from the DEAE Sepharose 
column was collected and assayed for all Qther 
glycosidase activities as described above. After 
determining that all glycosidases were present, the 
DEAE flow through was immediately applied to a column 
of Heparin Sepharose CL-6B (2.6 X 35 cm) equilibrated 
with Buffer A. The column was washed with 400 ml of 
Buffer A followed by a linear gradient of NaCl formed 
with 500 ml of Buffer A and 500 ml of Buffer A 
containing 0.95 M NaCl. Fractions (12 ml) were 
collected at a flow rate of 2 ml/min. Fractions were 
assayed for fi-GlcNAcase, al-6 Mannosidase and 0x1-3, 6 
Galactosidase activity as described above. The peaks 
of p-GlcNAcase and ocl-6 Mannosidase co-eluted from the 
column between 0.3 - 0.45 M NaCl. Fractions 
containing both activities were pooled (130 ml) and 
the enzymes were further purified as described below 
in sections B and C. The peak of al-3, 6 Galactosidase 
activity eluted from the Heparin Sepharose column 
between 0.45 - 0.55 M NaCl. Fractions containing <Xl- 
3,6 Galactosidase activity were pooled and the enzyme 



was further purified as described below in section D. 
The column flow through and wash (350 ml) from the 
Heparin Sepharose column was collected and assayed for 
f}l-3»4 Galactosidase, al-2,3 Mannosidase, (J- 
Glucosidase and (Xl-3, 4 Fucosidase activities as 
described above. All the enzyme activities were found 
in the column wash. 46.25 g of ammonium sulfate was 
added to the column wash with gentle stirring to a 
final concentration of 1 M . The wash was then applied 
to a column of Phenyl Sepharose (1.6 X 15 cm) 
equilibrated with Buffer B (20 mM Tris-HCl pH 7.5, 1 M 
(NH 4 ) 2 S0^ 0.1 mM EDTA) . The column was washed with 60 
ml of Buffer B followed by a linear decreasing 
gradient of ammonium sulfate formed with 120 ml of 
Buffer B and 120 ml of Buffer B containing only 0.001 
M (NH<) 2 S0 4 . Fractions (4 ml) were collected at a flow 
rate of 2 ml/min. Fractions were assayed for pl~3>>4 
Galactosidase, ccl-2, 3 Mannosidase and p-Glucosidase 
activities described above. The peaks of (5l-3>>4 
Galactcsida.°e and al-2,3 Mannosidase activities 
co-eluted from the column between 0.6 - 0.35 M 
(NH 4 ) 2 S0 4 . Fractions containing both activities were 
pooled and the enzymes further purified as described 
in sections E and F. The peak of (i-Glucosidase 
activity eluted from the column between 0.25 - 0.001 M 
(NH < ) 2 S0 4 . Fractions containing p-Glucosidase activity 
were pooled and the enzyme further purified as 
described in Section G. The column flow through and 
wash from the Phenyl Sepharose column were collected 
and assayed for al-3,4 Fucosidase activity as 
described above. The wash was found to contain the 
peak of al-3,4 Fucosidase activity. Further 



purification of this enzyme was performed as described 
below in Section H. 

A. al-2 Fucosidase. To the DEAE Sepharose pool 
(300 ml) described above that contains al-2 Fucosidase 
activity 40 g of ammonium sulfate was added with 
gentle stirring to a final concentration of 1 M. The 
pool was then applied to a column of Phenyl Sepharose 
(1.6 X .15 cm) equilibrated with Buffer B. The column 
was washed with 60 ml of Buffer B followed by a linear 
decreasing gradient of ammonium sulfate formed with 
120 ml Buffer B and 120 ml of Buffer B containing only 
0.001 M (NH<) 2 S0 4 . Fractions (4 ml) were collected at 
a flow rate of 2 ml/min. Fractions were assayed for 
al-2 Fucosidase activity as described above- The peak 
of enzyme activity was pooled and eluted at 0.001 M 
(NHJ 2 S0 4 . After dialysis against Buffer C (20 mM 
Sodium acetate pH 5.2, 0.1 mM EDTA) overnight, the 
pooled enzyme was loaded onto a column of S-Sepharose 
(1.0 X 10 cm) equilibrated with Buffer C. The column 
was washed with 20 ml of Buffer C. The column flow 
through and wash were collected and assayed for enzyme 
activity as described above. The peak of enzyme 
activity was determined in the column wash. After 
dialysis against Buffer A overnight, the wash was 
applied to a Mono Q HR 5/5 (1 ml) column equilibrated 
with Buffer A. The column was washed with 2 ml of 
Buffer A followed by a linear gradient of NaCl formed 
with 40 ml of Buffer A and 40 ml of Buffer A 
containing 0.6 M NaCl* Fractions (1.5 ml) were 
collected at a flow rate of 1 ml/min and assayed for 
al-2 Fucosidase activity. The peak of enzyme activity 
was pooled and eluted from the column between 0.05 - 
0.15 M NaCl. After dialysis overnight against Buffer 
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A, sodium azide was added to 0.02% before storing the 
enzyme at 4°C. A yield of 1500 units of substantially 
pure enzyme was obtained after purification of the 
crude extract. 

B. /3-N-Acetylglucosaminidase . The enzyme pool 
(130 ml) described above that contains both (3-N — 
Acetylglucosaminidase and al-6 Mannosidase activities 
was dialyzed overnight against Buffer A. After 
dialysis, the enzyme pool was applied to a column of 
Q-Sepharose (1.6 X 15 cm) -equilibrated with Buffer A. 
The column was washed with 60 ml of Buffer A followed 
by a linear gradient of NaCl formed with 120 ml of 
Buffer A and 120 ml of Buffer A containing 1 M NaCl, 
Fractions (4 ml) were collected at a flow- rate of 2 
ml/min. The column flow through was collected and 
assayed for (3-GlcNAcase and al-6 Mannosidase 
activities as described above. Only al-6 Mannosidase 
activity was found in the Q-Sepharose column flow 
through. Further purification of this enzyme was 
performed as described below in Section C. Fractions 
from the Q-Sepharose column were assayed for 
^GlcNAcase activity as described above. The peak of 
(5-N-acetylglucosaminidase activity was pooled and 
eluted from the column between 0.15 - 0.3 M NaCl . 
After dialysis against Buffer A overnight, the enzyme 
pool was applied to a Heparin-TSK (3 ml) column 
equilibrated with Buffer A. The column was washed 
with 6 ml of Buffer A followed by a linear gradient of 
NaCl formed with 45 ml of Buffer A and 45 ml of Buffer 
A containing 0.6 M NaCl. Fractions {1.5 ml) were 
collected at a flow rate of 1 ml/min and assayed for 
pGlcNAcase activity as described above. The peak of 



enzyme activity was pooled and eluted between 0.25 - 
0.3 M NaCl. After dialysis overnight in Buffer A, 
sodium azide was added to 0.02% before storing the 
enzyme at 4°C. A yield of 30, 000 units of 
substantially pure enzyme was obtained after 
purification of the crude extract. 

C. al-6 Mannosidase. The Q-Sepharose flow 
through described above in Section B was dialyzed 
overnight in Buffer D (20 mM Potassium phosphate pH 
6.0, 10 mM NaCl, 0.1 mM EDTA) . After dialysis, the 
flow through was applied to a column of S-Sepharose 
(1.6 X 12 cm) equilibrated with Buffer D. The column 
was washed with 40 ml of Buffer D followed by a linear 
NaCl gradient formed with 80 ml of Buffer D and 80 ml 
of Buffer D containing 0.6 M NaCl. Fractions (2.5 ml) 
were collected at a flow rate of 2 ml/min and assayed 
for al-6 Mannosidase activity as described above. The 
peak of enzyme activity was pooled and eluted between 
0.15 - 0.3 M NaCl. After dialysis overnight against 
Buffer E (20 mM Tris-HCl pH 7.5, 10 mM NaCl, 0 . 1 mM 
EDTA) , the enzyme pool was applied to a Heparin-TSK (3 
ml) column equilibrated with Buffer E. The column was 
washed with 6 ml Buffer E followed by a linear 
gradient of NaCl formed with 45 ml of Buffer E and 45 
ml of Buffer E containing 0.6 M NaCl. Fractions 
(1.5ml) were collected at a flow rate of Iml/min and 
assayed for al-6 Mannosidase activity as described 
above. The peak of enzyme activity was pooled and 
eluted between 0.15 - 0.2 M NaCl. After dialysis 
overnight in Buffer A, sodium azide was added to 0.02% 
before storing the enzyme at 4°C. A yield of 200,000 
units of substantially pure enzyme was obtained using 
the above protocol. 



D. al-3,6 Galactosidase. The Heparin pool 
described above containing ccl-3,6 Galactosidase 
activity was dialyzed overnight against Buffer D. 
After dialysis, the enzyme pool was applied to column 
of S-Sepharose (1.6 X 12 cm) equilibrated with Buffer 
D. The column was washed with 40 ml of Buffer D 
followed by a linear gradient of NaCl formed with 80 
ml of Buffer D and 80 ml of Buffer D containing 0.6 M 
NaCl. Fractions (3 ml) were collected at a flow rate 
of 1 ml/min and assayed for al-3, 6 Galactosidase 
activity as described above. The peak of enzyme 
activity was pooled and eluted between 0.25 - 0.35 M 
NaCl. After dialysis overnight in Buffer A, the 
enzyme pool was applied to a Heparin-TSK (3 ml) column 
equilibrated with Buffer A. The column was washed 
with 6 ml of Buffer A followed by a linear gradient of 
NaCl formed with 45 ml of Buffer A and 45 ml of Buffer 
A containing 1 M NaCl. Fractions (1.5ml) were 
collected at a flow rate of lml/min and assayed for 
al-3, 6 Galactosidase activity as described above. The 
enzyme peak was pooled and eluted between 0.15 - 0.25 
M NaCl. After dialysis overnight against Buffer A, 
sodium azide was added to 0.02% before storing the 
enzyme at 4°C. A yield of 67, 500 units of 
substantially purified enzyme was obtained using the 
above protocol . 

E. pl-3»4 Galactosidase. The Phenyl Sepharose 
pool described above that contains both pl-3»4 
Galactosidase and al-2,3 Mannosidase activities was 
dialyzed overnight against Buffer D. After dialysis, 
the pool was loaded onto a column of S-Sepharose (1.0 
X 10 cm) equilibrated with Buffer D. The column was 
washed with 20 ml of Buffer D followed by a linear 
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gradient of NaCl formed with 50 ml of Buffer D and 50 
ml of Buffer D containing 0.6 M NaCl- The column 
flow-through was collected and assayed for pl-3»4 
Galactosidase and al-2,3 Mannosidase activity as 
described above. Only al-2,3 Mannosidase was found in 
tne S-Sepharose column flow-through. 

Further purification of this enzyme was performed 
as described in Section F. Fractions (2 ml) were 
collected at a flow rate of lml/min and assayed for 
pl-3>>4 Galactosidase activity as described above. 
The peak of enzyme activity was pooled and eluted 
between 0.15 - 0.25 M NaCl. After dialysis overnight 
against Buffer D, the enzyme pool was applied to a 
Mono S HR 5/5 (1 ml) column equilibrated with Buffer 
D. The column was washed with 2 ml of Buffer D 
followed by a linear gradient of NaCl formed with 25 
ml of Buffer D and 25 ml of Buffer D containing 0.6 M 
NaCl. Fractions (1 ml) were collected at a flow rate 
of lml/min and assayed for (5l-3»4 Galactosidase 
activity as described above. The peak of enzyme 
activity was pooled and eluted between 0.05 - 0.1 M 
NaCl. After dialysis overnight against Buffer A, the 
enzyme pool was loaded onto a Heparin- TSK (3 ml) 
column equilibrated with Buffer A. The column was 
washed with 6 ml of Buffer A followed by a linear 
gradient of NaCl formed with 45 ml of Buffer A and 4 5 
ml of Buffer A containing 0.6 M NaCl. The column 
flow-through was collected and assayed for pi-3»4 
Galactosidase activity. The peak of enzyme activity 
was found in the flow-through of the column. The 
flow-through was then dialyzed overnight against 
Buffer A. After the addition of sodium azide to 
0.02%, the enzyme was stored at 4°C. The yield of 
substantially pure enzyme was 45,000 units. 
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F. al-2,3 Mannosidase. The S-Sepharose column 
flow-through described above that contains al-2,3 
Mannosidase activity was dialyzed overnight against 
Buffer E. After dialysis, the flow-through was 
applied to a column of Q-Sepharose (1.0 X 10 cm) 
equilibrated with Buffer E. The column flow-through 
was collected and assayed for al-2, 3 Mannosidase 
activity as described above. The peak of enzyme 
activity was found in the column flow-through. The 
flow-through was then loaded onto a column of Heparin 
Sepharose CL-6B (1.0 X 10 cm) equilibrated with Buffer 
E. The flow though was collected, assayed, and found 
to contain the peak of enzyme activity. The flow- 
through was then loaded onto a Mono Q HR10/10 (8 ml) 
column equilibrated with Buffer E. The column flow- 
through and wash was collected and assayed for ocl-2, 3 
Mannosidase activity described above. The Mono Q 
column wash was found to contain the peak of enzyme 
activity. 4.36 g of ammonium sulfate was added to the 
wash with gentle stirring to a final concentration of 
1 M. The wash was applied to a column of Phenyl 
Sepharose (1.0 X 10 cm) equilibrated with Buffer B. 
The column was washed with 20 ml of Buffer B followed 
by a linear decreasing gradient of ammonium sulfate 
formed with Buffer B containing 50 ml of 1 M ammonium 
sulfate decreasing to 0.001 M ammonium sulfate. 
Fractions (2 ml) were collected at a flow rate of 2 
ml/min and assayed for al-2,3 Mannosidase activity as 
described above. The peak of enzyme activity was 
pooled and eluted between 0.55 - 0.3 M (NH 4 ) 2 S0<. 
After dialysis overnight against Buffer D, the enzyme 
pool was applied to a Poly-Cat A (3 ml) column 
equilibrated with Buffer D. The flow-through was 
collected and assayed for al-2,3 Mannosidase activity 



as described above. The column flow-through was found 
to contain the peak of enzyme activity. 4.62 g of 
ammonium sulfate was added to the flow-through with 
gentle stirring to a final concentration of 1 M. The 
flow-through was then applied to a Phenyl Superose 
HR10/10 {8 ml) column equilibrated with Buffer B. The 
column was washed with 20 ml of Buffer B followed by a 
decreasing linear gradient of ammonium sulfate formed 
with 50 ml of Buffer D and 50 ml of Buffer D 
containing only 0.001 M (NH«) 2 S0 4 . Fractions (1.5 ml) 
were collected at a flow rate of 1 ml/min and assayed 
for al-2,3 Mannosidase activity. The peak of enzyme 
activity was pooled and eluted between 0.65 - 0.5 M 
(NH<) 2 S0 4 . After dialysis overnight against Buffer E, 
sodium azide was added to 0.02% before storing the 
enzyme at 4°C. A yield of 4,000 units was obtained 
using the above protocol. 

G. /3-Glucosidase . The Phenyl Sepharose pool 
described above that contains p-Glucosidase activity 
was dialyzed overnight against Buffer D. After 
dialysis the pool was applied to a column of 
S-Sepharose (1.0 X 10 cm) equilibrated with Buffer D. 
The column was washed with 20 ml of Buffer D followed 
by a linear gradient of NaCl formed with 50 ml of 
Buffer D and 50 ml of Buffer D containing 0.6 M NaCl . 
Fractions (1 ml) were collected at a flow rate of 1 ml 
per minute and assayed for p-Glucosidase activity as 
described above. The peak of enzyme activity was 
pooled and eluted between 0.1 - 0.1 M NaCl. After 
dialysis overnight against Buffer D, the enzyme pool 
was applied to a Mono S HR5/5 (1 ml) column. The 
column was washed with 2 ml of Buffer D followed by a 
linear gradient of NaCl formed with 20 ml of Buffer D 



and 20 ml of Buffer D containing 0.6 M NaCl. 
Fractions (1 ml) were collected at a flow rate of 1 
ml/min and assayed for (3-Glucosidase activity as 
described above. The peak of enzyme activity was 
pooled and eluted between 0.05 - 0.1 M NaCl. After 
dialysis overnight against Buffer A, the enzyme pool 
was loaded onto a Heparin-TSK (3 ml) column 
equilibrated with Buffer A. The column flow-through 
and wash was collected and assayed for fi-Glucosidase 
activity as described above and the wash was found to 
contain peak of enzyme activity. The wash was 
dialyzed overnight against Buffer A. After the 
addition of sodium azide to 0.02%, the enzyme was 
stored at 4°C. A yield of 500 units was obtained after 
purification of the crude extract. 

E. al-3,4 Fucosidase. The Phenyl Sepharose wash 
described above that contains al-3,4 Fucosidase 
activity was dialyzed against Buffer C. After 
dialysis, the wash was then applied tc a column of 
S-Sepharose (1.0 X 10 cm) equilibrated with Buffer C. 
The column was washed with 20 ml of Buffer C followed 
by a linear gradient of NaCl formed with 50 ml of 
Buffer C and 50 ml of Buffer C containing 0.6 M NaCl. 
Fractions (2 ml) were collected at a flow rate of 2 
ml/min and assayed for al-3,4 Fucosidase activity as 
described above. The peak of enzyme activity was 
pooled and eluted between 0.15 - 0.25 M NaCl. After 
dialysis overnight against Buffer C, the enzyme pool 
was applied to a Mono S HR5/5 (1 ml) column 
equilibrated with Buffer C. The column was washed 
with 2 ml of Buffer C followed by a linear gradient of 
NaCl formed with 35 ml of Buffer C and 35 ml of Buffer 
C containing 0.6 M NaCl. Fractions (1 ml) were 
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collected at a flow rate of 1 ml/min and assayed for 
al-3,4 Fucosidase activity as described above. The 
peak of enzyme activity was pooled and eluted between 
0.25 - 0.35 M NaCl. After dialysis overnight against 
Buffer A, the enzyme pool was applied to Heparin-TSK 
(3 ml) column equilibrated with Buffer A. The column 
flow-through was collected and assayed for al-3,4 
Fucosidase activity. The flow-through was found to 
contain the peak of enzyme activity. 1.19 g of 
ammonium sulfate was added to the flow-through with 
gentle stirring to a final concentration of 1.5 M 
(NH 4 ) 2 S0 4 . The flow-through was then applied to a 
Phenyl Superose HR10/10 (8 ml) column equilibrated 
with Buffer F (20 mM Tris-HCr pH 7.5, 1.5 M Ammonium 
sulfate, 0.1 mM EDTA) . The column was washed with 20 
ml of Buffer F followed by a decreasing linear 
gradient of ammonium sulfate formed with 50 ml of 
Buffer F and 50 ml of Buffer F containing only 0.002 M 
(NH 4 ) 2 S0 4 . Fractions (1.5 ml) were collected at a flow 
rate of 1 ml/min and assayed for al-3,4 Fucosidase 
activity as described above. The peak of enzyme 
activity was pooled and eluted between 0.6 - 0.5 M 
(NH 4 ) 2 S0 4 . After dialysis overnight against Buffer A, 
sodium azide was added to 0.02% before storing the 
enzyme at 4°C. The yield was 60,000 units obtained 
after purification of the crude extract. 

Purification of al-3,6 Mannosidase. 

280 grams of cells obtained above were suspended 
in three volumes of Buffer A' (20 mM Tris-HCl pH 7.5, 
50 mM NaCl, 1 mM EDTA) «. The cell suspension was 
passed through a Gaulin homogenizer (Model M-15) twice 
at 12,000 psig. The lysate was centrifuged at 13,000g 
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for 40 minutes in a Sharpies continuous centrifuge. 
700 ml of supernatant were obtained. 

The crude extract (7 00 ml) was loaded onto a 
column of DEAE Sepharose CL-6B (5.0 x 2 6 cm) 
equilibrated with Buffer A' . The column was washed 
with 2500 ml Buffer A followed by a linear gradient of 
NaCl formed with 2000 ml of Buffer A' and 2000 ml of 
Buffer A' containing 1 M NaCl. Fractions (21 ml) were 
collected at a flow rate of 3 ml/min and assayed for 
al-3,6 Mannosidase activity as described above. The 
peak of enzyme activity eluted from the column between 
0.15 - 0.25 M NaCl. Fractions containing enzyme 
activity were pooled and dialyzed against Buffer A' 
overnight. After dialysis, the enzyme pool was 
applied to a column of Heparin Sepharose CL-6B (2.6 x 
25 cm) equilibrated with Buffer A' . The column was 
washed with 300 ml of Buffer A' followed by a linear 
gradient of NaCl formed with 250 ml Buffer A" and 250 
ml Buffer A'' containing 0.95 M NaCl. Fractions (6 ml) 
were collected at a flow rate of 2 ml/min and assayed 
for al-3,6 Mannosidase activity. The peak of enzyme 
activity eluted between 0.4 - 0.6 M NaCl. Fractions 
containing activity were pooled and dialyzed against 
Buffer A (20 mM Tris-HCl (pH 7.5), 50 mM NaCl, 0.1 mM 
EDTA) overnight. After dialysis the enzyme pool was 
applied to a column of Q-Sepharose (1.0 x 10.0 cm) 
equilibrated with Buffer E (20 mM Tris-HCl pH 7.5, 10 
mM NaCl, 0.1 mM EDTA) . The column was washed with 20 
ml of Buffer E followed by a linear NaCl gradient 
formed with 60 ml of Buffer E and 60 ml of Buffer E 
containing 0.6 M NaCl. Fractions (2 ml) were 
collected at a flow rate of 2 ml/min and assayed for 
al-3,6 Mannosidase activity as described above. The 
peak of enzyme activity was pooled and diluted between 
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0.15 - 0.25 M NaCl. After dialysis in Buffer E 
overnight, the enzyme pool was loaded onto a Heparin- 
TSK (3 ml) column equilibrated with Buffer E. The 
column was washed with 6 ml of Buffer E followed by a 
linear NaCl gradient formed with 45 ml of Buffer E and 
45 ml of Buffer E containing 0.6 M NaCl. Fractions 
(1.5 ml) were collected at a flow rate of 1 ml/min and 
assayed for al-3,6 Mannosidase activity as described 
above- The peak of enzyme activity was pooled and 
eluted between 0.1 - 0.2 M NaCl. After dialysis 
overnight in Buffer A, sodium azide was added to 0.02% 
before storing the enzyme at 4°C. 1000 units of 
substantially pure enzyme were obtained after 
purification of the crude extract. 
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TABLE 5 

DETERMINATION OF CO-FACTOR REQUIREMENTS FOR 
GliYCOS IDASE ACTIVITY 

SUBSTRATE 



ENZYME 
Ca~ 

p-GlcNAcase 
Otl-2 Fucosidase 
ocl-3,4 Fucosidase 



GlcNAcpl-4GlcNAcpl- 
4GlcNAc-Co 

Fucocl-2Galpl-4Glc- 
Co 

Galpl-4 (Fucal-3)GlcNAcfil- 
3Gaipi-4Glc-Co 



ocl-3,6 Galactosidase Galal-3Galpl-3GlcNAc- 

Co 

(3l-3»4 Galactosidase Galpl-3GlcNAcl-3Galpl 

-4Glc-Co 



P-Glucosidase 
cel-2, 3 Mannosidase 
al-6 Mannosidase 
al-3,6 Mannosidase 
P-Xylosidase 

p-Mannosidase 



Glcpl-4Glcpl-4Glc 
-Co 

Manal - 3Manpl - 4 Gl cNAc- 
Co 

Gaipi-4GlcNAcpl-2Manccl- 
6Manpl-4GlcNAc-Co 

Manal - 3Manpl - 4 Gl cNAc- 
Co 

Manal-6 (Manal-3) (Xylpl- 

2) Manpl~4GlcNAcPl-4 (FucOCl- 

3) GlcNAc-Co 

Manpl-4Manpl-4Man- 

Co 



pH 

4.5- 
6.0- 
6.0- 
6.0 + 
4.5- 
4.5 + 
6.0 + 
4.5- 
6.0 + 

6.0 + 
5.5- 



EXAMPLE 4: CHARACTERIZING GLYCOSIDASES 



A. Fucosidases. 

Reaction conditions were optimized for al-3,4 
Fucosidase (I) and al-2 Fucosidase (II). 1-0 nmol of 
substrate in 50 mM sodium citrate pH 6.0 was digested 
with enzyme (2 units of a-Fucosidase II (Fig- 4, lane 
2), 100 units of a-Fucosidase I (Fig. 4, lane 3); 2 
units of a-Fucosidase I (Fig. 4, lanes 5, 6, 9, 10); 
20 units a-Fucosidase II (Fig- 4, lanes 7, 11); and 2 
units of ft-Galactosidase (Fig. 4, lanes 6, 10) (Bovine 
testes, BMB) (1 unit is defined as the amount of 
enzyme required to release 1 nanomole of terminal 
sugar from an oligosaccharide at 37°C in 1 hour) . No 
cof actors were found to be necessary. The incubation 
was performed at 37°C for 4 hours and for 24 hours. At 
4 hours, the digestion of substrate with Xanthomonas 
manihotis Fucosidases was complete. The incubation 
was extended to 24 hours so as to permit the less 
active ft-Galactosidase digestion to be accomplished. 

Fig. 4 shows substrate specificity of a- 
Fucosidases type I and II isolated from Xanthomonas 
manihotis that differ in their specificity for 
selected glycosidic linkages. a-Fucosidase I 
selectively cleaves Fucal-3R and Fucal-4R linkages, 
and a-Fucosidase II selectively cleaves Fucal-2R 
linkages as demonstrated by cleavage of coumarin 
labelled oligosaccharide substrates and separation of 
the reaction products by thin layer chromatography 
(lanes 3, 5, 9) . The a-Fucosidase II cleaved a 
terminal al-2 linkage on a trisaccharide as shown by 
the migration of the band on the TLC to a higher 
position corresponding to the loss of one 
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monosaccharide (lane 2) but did not recognize branched 
Fucal-3R or Fucal-4R linkages (lanes 1, 11) * In 
contrast to a-Fucosidase II, a-Fucosidase I was unable 
to digest Fucal-2R linkages. 

To confirm that the al-3,4 Fucosidase I removed 
the fucose and not the terminal galactose, the 
substrates were digested with a-Fucosidase I and 0.5 
units of bovine testes p-Galactosidase (BMB) to remove 
both terminal (3-galactose and fucose from the 
substrates. In Fig. 4, lanes 6 and 10 show that a 
second monosaccharide (terminal galactose) was removed 
after treatment with a-Fucosidase I and P~ 
Galactosidase, whereas in lanes 5 and 9 only one 
monosaccharide was removed following a-Fucosidase I 
digestion . 

Substrate specificity was demonstrated using 
three substrates: 120: Fucal-2Galpl-4Glc-Co; 95: 
Galpl-4 (Fucal-3)GlcNAc(3l-3Galpl-4Glc-Co; and 113: 
Galpl-3 (Fucal-4)G3cNAcPl-3Galpl-4G] c-Co. The controls 
were undigested substrate (lanes 1, 4, 8). 



TABLE 6 



q-FUCOSIDASES I AND II 



SUBSTRATE 



III 



120: 



Fucal-2Galpl-4Glc-Co 



-+ 



95: 



GaiPl-4GlcNAcpl-3Galpl-4Glc-Co +- 



Fucal-3 



113: 



Galpl-3GlcNAcPl-3Galpl-4Glc-Co +- 



Fucal-4 



I : 
II: 



al-3,4 Fucosidase 
al-2 Fucosidase 



B . fc-N-Acetylglucosaminidase . 

10 units of fi-N-Acetylglucosaminidase (p- 
GlcNAcase) purified as above from Xanthomonas 
manihotis was found to react with 0.5 -1 nmol 
substrate in the absence of cofactors in 50 mM sodium 
citrate pH 4.5 although the enzyme was similarly 
active at a pH in the range of pH 4-6. Incubation was 
carried out for 4 hours at 37°C. 

Fig. 5 shows the results of these reactions 
analyzed by TLC. Lanes 1 and 3 are undigested 
'substrates of 118 (GlcNAcpl-4GlcNAcpl-4GlcNAc-Co) and 
167 (Galpl-3GlcNAcpl-3Galpl-4Glc-Co) respectively. 
Lane 2 shows the effect of cleaving at the terminal 
GlcNAc(3l-4R linkage. Lane 4 shows cleavage of the 
terminal Galpl-3R linkage using 0.5 units of bovine 
testes p-Galactosidase and lane 5 shows the additional 
cleavage of GlcNAc£l-3R linkage with (5-N- 
Acetylglucosaminidase after cleavage with p- 

Galactosidase . 

Fig. 6 further characterizes the specificity of 
the p-N acetylglucosaminidase for p-GlcNAc using 
substrates containing GlcNAcpl-2R, GlcNAcpl-3R and 
GlcNAcPl-6R linkages, the latter forming a branchpoint 
(200: Galpl-4GlcNAcpl~2Manal~6ManPl-4GlcNAc-Co; 197 : 
Galpl~4GlcNAcpl-6 (Gaipi-4 GlcNAcpl-3) Galpl-4Glc-Co ) . 
These substrates have a terminal Galpl-4 residue which 
is cleaved with p-Galactosidase (bovine testes) prior 
to cleavage with Xanthomonas manihotis p-GlcNAcase. 
Lanes 1 and 4 show uncleaved substrates 200 and 197 
respectively while lane (m) has a disaccharide and 
tetrasaccharide as size markers. Lanes 2 and 5 are 
substrate 200 and 197 digested with p-Galactosidase 
respectively and lanes 3 and 6 are substrates 200 and 
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197 respectively digested with p-Galactosidase and p- 
GlcNAcase . 

Fig. 7 shows that p-GlcNAcase from Xanthomonas 
manihotis does not digest p-N-acetylgalactosamine (P~ 
GalNAc) whereas p-GlcNAcase from bovine kidney does. 
Lanes 1 and 4 contain undigested substrate 96 
(GalNAcPl-3Galal-4Galpl-4Glc-Co) and 205 (GalNAcPl- 
4Gal(3l-4Glc-Co) respectively. Lanes 2 and 5 are 
substrates 96 and 205 respectively digested with P~ 
GlcNAcase from Xanthomonas manihotis . No cleavage 
reaction is detected. However, with p-GlcNAcase from 
bovine kidney (lanes 3 and 6) , cleavage of p-GalNAc is 
seen for both substrate 96 and 205. A marker is 
included (m) consisting of a disaccharide and a 
tetrasaccharide that shows cleavage by bovine kidney 
P-GlcNAcase of a single monosaccharide for each of 96 
and 205. 

The results are summarized in Table 7 . Only P~ 
GlcNAc from Xanthomonas had no detectable activity for 
PNP-GalNAc whereas the commercially available enzymes 
did have activity for this substrate. 



TABLE 7 



COMPARISON OF HEXOSAMINIDASE 
ACTIVITIES ON PNPftGlcNAc v. PNPgGalNAc 



SOURCE 



PNP/3GlcNAc 
OD 400 



PNP-GalNAc 
OD 400 



Xanthomonas manihotis 
Streptococcus pneumoniae 
Chicken liver 
Bovine kidney 



> 2.0 

> 2.0 

> 2.0 

> 2.0 



ND* 



> 2.0 

> 2.0 

> 2.0 



Assays were performed using 1 NEB unit of enzyme at 
37°C for 1 hour as defined in Example 2. 
ND = not detectable 
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PNP substrate was 10 mM, reaction volume was 25pl, 
reaction was stopped using 75pl 0 . 2M sodium borate pH 
9.8, and the resulting absorbance was read at OD 400. 

* 50 NEB units of the enzyme purified from 

Xanthomonas manihotis was assayed on PNPpGalNAc. 
(Even when incubated overnight, no measurable 
activity on PNP-GalNAc could be detected.) 

C. Mannosidase. 

Specificity for linear structures. 

Three enzymes isolated from Xanthomonas manihotis 
were characterized for their substrate specificity 
using coumarin-labelled oligosaccharides. The 
substrates are listed in Table 8 and cleavage is 
recorded by a ( + ) . The TLC data from which this Table 
is derived is shown in Fig. 10. The marker shown on 
the TLC is a mixture of oligosaccharides consisting of 
disaccharides, tetrasaccharides and hexasaccharides . 
Lanes 1, 1 and 11 are undigested substrates. 

Digestions were performed utilizing 1 nmole 
substrate prepared in a buffer of 50mM sodium citrate 
pH 6.0 with enzyme concentrations described below. 
5mM Ca++ was added to the incubation mixture for al- 
3,6 Mannosidase (1) and al-2,3 Mannosidase (III). 

Lanes 2, 8, and 14 show the digestion products if 
any of Mannosidase I for substrates 134, 114, and 200 
respectively. This enzyme is unable to cleave the 
terminal Manal-2R linkage on substrate 134 even in the 
presence of a relatively high concentration (15 units) 
of enzyme and a prolonged incubation period (20 
hours) . In contrast, the enzyme is capable of 
cleaving the terminal Manocl-2R linkage on substrate 
114 and the terminal Manal-6R linkage on substrate 
200, the latter after Galf}l-4GlcNAcpl-2 has been 



removed. Cleavage in these examples occurs using only 
1.5 units of enzyme incubated for 2 hours with 
substrate . 

Lanes 5, 10, and 16 show the digestion products 
of a-Mannosidase II. This enzyme does not cleave 
Manal-2R or Manal-3R linkages even at concentrations 
of 100 units incubations for 20 hours. In contrast, 
the enzyme does cleave Manccl-6R linkage from substrate 
200 after removal of Galfil-4GlcNAc|3l-2 . 

Lanes 3, 4, 9 and 15 show the digestion products 
if any of a-Mannosidase III. This enzyme cleaves the 
terminal Manocl-2R linkage on substrate 134, and the 
terminal Manal-3R linkage on substrate 114 but does 
not cleave substrate 200 even after Gaipi-4GlcNAc pl-2 
has been removed. Where cleavage is observed, 1.5 
units of enzyme is incubated for 2 hrs with substrate. 
Where no activity is observed, 15 units of enzyme were 
used for 20 hours. 

In keeping with the above cleavage activities, 
the a-Mannosidase I has been identified as al-3, 6 
Mannosidase; a-Mannosidase II has been identified as 
al-6 Mannosidase and a-Mannosidase III has been 
identified as al-2,3 Mannosidase 



TABLE 8 



tt-MANNOS IDASES I, II, III 



SUBSTRATE 



I 



IIIII 



134 : Manal-2Manal-3Manpl-4GlcNAc-Co 
114 : Manal-3Man{Jl-4GlcNAc-Co 
200 : Manal-6Manpl-4GlcNAc-Co 



+ 



+ 



- + 



+ - 



- + 



I : 
II: 
III : 



al-3, 6 Mannosidase 
al-6 Mannosidase 
al-2,3 Mannosidase 
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Specif icity for branched structures . 

Incubation of a-Mannosidase I (2 hrs.) against 
substrates 213 and 216 as shown in Fig. 11 revealed 
that this enzyme is capable of cleaving branched 
structures. Lanes 2 and 8 show removal of 2 mannose 
residues. Further incubation (20 hours) resulted in 
the removal of the second pair of branched mannoses 
(lanes 13, 19) . Whereas this digestion was partial, 
possibly because of the negative effect of the 
neighboring labelled mannose at the reducing end, it 
is likely that the second branch would have been 
cleaved in a naturally occurring oligosaccharide 
substrate . 

Incubation of a-Mannosidase II (2 hrs and 20 
hours) showed no evidence of cleavage of substrate 213 
and 216. (lanes 6, 11, 17 and 23) . While not wishing 
to be bound by theory, it is conjectured that a- 
Mannosidase II (ccl-6 Mannosidase) is capable of 
cleaving linear molecules but not of cleaving branched 
molecules. Use of rhis enzyme can provide a means of 
differentiating branched and linear Manal-6R 
glycosidic linkages. 

Incubation of a-Mannosidase III (2 hours and 20 
hours) with substrates 213 and 216 (lanes 4, 9, 15, 
and 21) resulted in partial cleavage of the substrates 
with the removal of a single mannose from 216 
consistent with the enzyme specificity for Manal-2R 
and Manal-3R. The results indicate that this enzyme 
has a greater affinity for linear substrates than for 
branched substrates. In the presence of a-Mannosidase 
II, some additionalcleavage was observed for substrate 
213 that was not apparent in substrate 216. 
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D. al-3,6 Galactosidase. 

As shown in Fig. 9, al-3,6 Galactosidase 
preferentially cleaves Galal-3R and Galccl-6R linkages 
(lanes 3, 6 and 9) where lane 3 shows release of one 
monosaccharide with substrate 109 (Galal-3Gal(3l- 
3GlcNAc-Co) , and a monosaccharide cleavage product 
with substrate 181 <Galal-6Glc<xl-2Fru-Co) when 10 
units of enzyme are added to 1 nmole of substrate in 
50 mM Na citrate pH 6.0 supplemented with 5mM CaCl 2 and 
incubated for 2 hours at 37°C. In contrast, the 
enzyme does not cleave substrate 193 (Galccl-4Gal(3l- 
4Gal-Co) as shown in lane 5 even when the 
concentration of the enzyme is increased to 100 units 
compared with 10 units and the incubation .time is 
increased to 20 hours compared to 2 hours. These 
results contrast with a commercially available a- 
Galactosidase derived from coffee bean (BMB) . The 
coffee bean a-Galactosidase readily cleaves substrate 
193 at the Galal-4R linkage as shown in lane 6. 
Undigested substrate without enzyme is included as a 
control in lanes 1, 4, and 7. Markers are included 
that contain a disaccharide, a tetrasaccharide, and a 
hexasaccharide . 

E. £l-3»4 Galactosidase. 

As shown in Fig. 8, pl-3»4 Galactosidase 
preferentially cleaves Galpl-3R linkages where lane 2 
shows release of at least one monosaccharide with 
substrate 167 (Gal{il-3GlcNAcpl-3Galpl-4Glc-Co) , when 1 
unit of enzyme is added to 1 nmole substrate in 50mM 
Na citrate pH 4.5 and incubated for 2 hours at 37°C. 
In contrast, the enzyme only partially cleaves 
substrate 202 <Gaipi-4GlcNAcpl-3Galpl-4Glc-Co) as 
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shown in lane 6 when the concentration of the enzyme 
is increased to 100 units compared with 1 unit. These 
results contrast with a commercially available P~ 
Galactosidases derived from chicken liver (cl) and 
bovine testes (bt) both of which cut substrates 167 
and 202 equally well (lanes 3, 4, 7, 8) . Undigested 
substrate without enzyme is included as a control in 
lanes 1 and 5. 

F. £-Glucosidase. 

As shown in Fig. 12, a crude extract derived from 
Xanthomonas manihotis was found to have a specificity 
for at least Glc(3l-4R linkages. Enzyme digestions 
were performed at 37°C for 2 hrs. in an incubation 
mixture containing 1 nmole substrate in 50 mM Na 
citrate pH 4.5 and 5mM CaCl 2 - Various concentrations 
of enzyme were used. The reaction mixtures were then 
spotted onto TLC plates. Substrate without enzyme was 
added as negative controls and additional positive 
controls were added which consisted of substrate and P 
GlcNAcase (lane 7) and substrate and p-Galactosidase 
(Bovine testes) (lane 10) . Lanes 2, 4, 6, and 9 show 
the reaction products when 1 unit of p-Glucosidase (p- 
Glcase) is mixed with 179 (GlcPl-4Glcpl~4Glc-Co) ; 5 
units of p-Glcase is mixed with 180 (Glcal-4Glcal- 
4Glc-Co) , 5 units of p-Glcase is mixed with 118 
(GlcNAcpl-4GlcNAcpl-4GlcNAc-Co) and 5 units of p- 
Glcase is mixed with 202 (Galpl-4GicNAcpl-3Galpl-4Glc- 
Co) . Of the four substrates tested, only substrate 
179 containing a terminal Glcpl~4 linkage is cleaved 
by the p-Glcase. 
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EXAMPLE 5: CLONING OF E XOG LYCOS IDAS E GENES. 

The method for cloning of exoglycosidase genes is 
described using Xanthomonas as the source of naturally 
occurring glycosidase. However, the method may be 
applied not only to this embodiment but to any 
organism in which the probability of finding at least 
one glycosidase has been determined as described 
above . 

A. DNA purification. 

To prepare the DNA of Xanthomonas manihotis, 1 g 
of cell paste was resuspended by shaking gently for 30 
min in 5 ml of 0.1 M Tris-HCl, 0.1 M EDTA pH 7.6. The 
suspension was divided into two 3.0 ml portions. 3.5 
ml of 1.7 mg/ml lysozyme in 0.1 M Tris-HCl, 0.1 M EDTA 
pH 7.6 was added to each portion and each was 
incubated for 15 minutes at 37°C» SDS was added to 1%, 
and proteinase K was added to 0.13 mg/ml and then the 
portions were incubated for 1 hour at 37°C. 0.4 ml of 
a solution of 10% SDS and 8% sarcosyl was added to 
each and incubation was continued at 55°C for 2 hours. 
The two portions were then combined and dialyzed 
against four changes of DNA buffer (10 mM Tris-HCl, 1 
mM EDTA pH 8.0) for 24 hours. The dialyzed DNA 
solution was then prepared for cesium chloride- 
ethidium bromide equilibrium density centrifugation by 
increasing the total volume to 40 ml with DNA buffer, 
and then dividing the DNA solution into two 20 ml 
portions, to each of which 20 grams of cesium chloride 
and 0.2 ml of 5 mg/ml ethidium bromide were added. 
The DNA solution was centrifuged at 44,000 rpm for 48 
hours and the resulting band of DNA was removed with a 
syringe and an 18 gauge needle. The ethidium bromide 
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was removed by extracting 4 times with an equal volume 
of ice-cold, water-saturated N-butanol . The cesium 
chloride was removed by dialysis. The DNA was then 
precipitated by adding NaCl to 0.5M and layering 0.55 
volume isopropyl alcohol on top. The precipitated DNA 
was spooled onto a glass rod. The DNA was dissolved 
in 2 ml 10 mM Tris, 1 mM EDTA pH 8.0 to a final 
concentration of approximately 76 pg/ml. 

B. Partial digestion. 

The purified DNA was cleaved with 5au3AI to 
achieve partial digestion as follows: 124 pi of DNA at 
76 pg/ml in 100 mM Bis Tris Propane-HCl pH 7.0, 10 mM 
MgCl 2 , 100 mM NaCl, 1 mM dithiothreitol buffer with 100 
pg/ml BSA was divided into one 4 00 pi aliquot and four 
200 pi aliquots. To the 400 pi tube was added 2 units 
of 5au3AI to achieve 1 unit of enzyme /4.75 pg of DNA . 
200 pi was withdrawn from the first tube and 
transferred to the second tube to achieve 0.5 units 
Sau 3AI/4.75 mg and so on, each succeeding tube 
receiving half of the previous amount of Sau3AI. The 
tubes were incubated at 37°C for 15 minutes, heat- 
treated at 72°C for 15 minutes then subjected to 
electrophoresis in a 0,7% agarose gel in Tris-Borate- 
EDTA buffer. DNA fragments ranging in size from about 
9 to 2 kb were collected by electrophoresing into DEAE 
anion exchange of paper for 2 hr. The paper was 
washed two times with 150 pi of buffer containing 0 . 1M 
NaCl r lOraM Tris pH 8.0 and 1 mM EDTA. Subsequently, 
the DNA was eluted from the paper by washing the paper 
four times with 75 pi of a buffer containing 1.0 M 
NaCl, 10 mM Tris pH 8.0 and 1 mM EDTA. The resulting 
solution containing the DNA fragment was extracted 
with 300 pi phenol/chloroform followed by extraction 
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with 300 pi chloroform and precipitated with 1 ml 
absolute ethanol by placing in a dry ice/ethanol bath 
for 15 min. The DNA was pelleted at 14K rpm for 5 
min. The pellet was rinsed with 70% ethanol, air 
dried and resuspended in a final volume of 10 pi 10 mM 
Tris pH 8, and 1 mM EDTA. The purified fragments were 
used as described in step 3 below. 

C. Ligation. 

The fragmented DNA was ligated to pUC19 as 
follows: 3 pg of Sau3AI-partially digested Xanthomonas 
manihotis DNA (10 pi) was mixed with 1.5 pg of BamUI- 
cleaved and dephosphorylated pUC19 (1 pi). 4 .pi of 10X 
ligation buffer (500 mM Tris pH 7.5, 100 mM MgCl 2 , 100 
mM DTT, 5 mM ATP) was added, plus 25 pi of sterile 
distilled water to bring the final volume to 39 pi. 
One pi of concentrated T4 DNA ligase (2 X 10 6 U/ml) was 
added and the mixture was incubated at 37<>c for 2 
hours. Ten pi of the ligation mixture was deionized 
by drop dialysis using a Millipore VS 0.025 pM filter. 
The DNA was then electroporated into E . coll ED87 67. 
The E. coll was prepared for electroporat ion by 
growing up 1 L of cells to Klett 50-80 in L-broth. 
The cells were chilled on ice for 15 to 30 minutes and 
then pelleted in the cold at 4,000 rpm for 15 mins. 
The pellet was washed 2- times in ice cold sterile 
water and once in 10% glycerol. The washed pellet was 
resuspended in 1 to 2 ml of 10% glycerol to a final 
cell concentration of 3 x 10 10 cells per ml. The cells 
were frozen until needed in 100 pi aliquots at -70°C. 
To electroporate the DNA into the prepared cells, the 
cells were gently thawed and placed on ice. 40 pi of 
cells were mixed with 10 pi of the ligated and 
dialyzed DNA. The mixture was placed into a cold 0.2 
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cm electroporation cuvette. A pulse of electricity at 
12.5 kv/cm with a time constant of 4-5 msec was 
applied to the DNA cell mixture. The E . coli was 
immediately diluted with 1 ml L-broth, allowed to grow 
at 37°C for 30 min. and plated on 150 mm L-agar plates 
containing selective media. After overnight 
incubation at 37°C / clones expressing an exoglycosidase 
were screened as described below. 

D. Screening for exoglycosidase clones. 

To screen for clones which express exoglycosidase 
activities three different chromogenic indicator 
substrates were employed. One chromogenic substrate 
used was 5-bromo-4-chloro-3-indolyl-B-D- 
galactopyranoside (X-gal) which was added to the 
selective agar plates at a concentration of 50 pg/ml 
before the transformed cells are plated on the agar. 
Any colony grown on agar plates containing X-gal which 
expresses a (5-Galactosidase will be blue. Of the 9 x 
10 4 colonies screened in this manner only one colony 
was blue. The other type of chromogenic substrates 
used to screen for exoglycosidase activity was the 4- 
methylumbelliferyl (4-MU) substrates. These 
substrates were either sprayed on the surface of the 
selective plate at a concentration of ljig/ml after 
colonies have formed or added to 1.5% agar and used to 
overlay the selective plate containing colonies. 
After spraying or overlaying colonies producing active 
exoglycosidase were identified by viewing the colonies 
with long wave ultraviolet light (366 nm) . In this 
experiment a mixture of 4-MU substrates was added to a 
1.5% agar overlay. Those included in the mix were: 4- 
MU-N-acetyl-p-D-glucosaminide, 4-MU-p-D- 
mannopyranoside, 4-MU-oc-D-glucoside, 4-MU-fJ-D- 



-67- 

glucoside, and 4-MU-a-D-galactoside . Any colony 
producing an active (}-N-Acetylglucosaminidase, fi- 
Mannosidase, a-Glucosidase, p-Glucosidase, or a- 
Galactosidase which is able to cleave one of these 
substrates will fluoresce blue under UV light. Of the 
2 x 10 4 colonies screened using these substrates, 8 
fluorescent colonies were isolated* Three isolates 
were determined to be clones producing a- 
Galactosidase, two produced P-Glucosidase, one 
produced P-N-Acetylglucosaminidase, and the remaining 
two had no detectable exoglycosidase activity as 
determined by their ability to cleave their respective 
4-MU substrates as well as their respective p- 
nitrophenyl substrates . 

Other methods have to be employed to screen for 
clones that express exoglycosidase activities but do 
not cleave synthetic substrates. To screen for clones 
expressing the a-Mannosidases I or II from Xanthomonas 
wanihotis a differential plating medium was used. The 
medium used is a variation on EMB agar which was used 
to screen for E. coli mutants which were unable to 
utilize lactose as a carbon source (lac') . Traditional 
EMB agar contains lactose and two indicator dyes, 
eosin yellow and methylene blue. When a strain of E , 
coli which is capable of fermenting lactose (lac*) 
grows on EMB agar the colonies appear dark purple to 
black; however, lac" colonies are white due to their 
inability to ferment lactose. To screen for clones 
expressing an a-Mannosidase the library (described 
above) was plated at a concentration of approximately 
30,000 cfu/ml on M9 minimal media containing 100 mg 
carbenicillin, 0.4 g eosin yellow, 0.065 g methylene 
blue and 1 g a-mannobiose per liter of medium. The 
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disaccharide mannobiose (mannose al-6 mannose) cannot 
be utilized as a carbon source by E. coli unless they 
express the cloned a-Mannosidase which will cleave the 
mannobiose into mannose which can then be fermented by 
the host. The plates were incubated at 37°C for 2-4 
days. Eleven colonies out of 15,000 cfu plated were 
pigmented deep purple. These colonies were picked, 
streaked for isolated colonies on LB agar containing 
100 pg/ml ampicillin and grown at 37°C. Of the 11 
colonies tested, crude extracts from two showed cxl-3, 6 
Mannosidase (Man I) activity. No clones were isolated 
which expressed the other Mannosidases from 
Xanthomonas manihotis (otl-2,3 and al-6 specific). 
This method can be used to isolate other 
exoglycosidases which will not cleave synthetic 
substrates. The only limitations are: 1) that the di- 
, tri- f or oligosaccharide cannot be utilized by the 
host unless the exoglycosidase is present, 2) that the 
sugar released by the exoglycosidase must be able to 
be utilized by E. coli as the sole carbon source, and 
3) that the sugai substrate must be available in 
sufficient quantities that it can be added to the agar 
base to allow growth of the host expressing the 
exoglycosidase . 

Although certain preferred embodiments of the 
present invention have been described, the spirit and 
scope of the invention is by no means restricted to 
what is described above. For example, within the 
general method for isolating glycosidases from 
Xanthomonas, it is also possible to isolate 
endoglycosidases wherein the cell extracts are 
screened against appropriately labelled substrates. 
In addition, within the general method for cloning 
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glycosidases, endoglycosidases may be cloned using 
appropriately labelled substrates. 

EXAMPLE 6: PREPARATION OF SUBSTRATES FOR ENZYMES 

ASSAYS: AMC-LABELING OF OLIGOSACCHARIDES 

Substrates were either purchased from Accurate 
Chemical and Scientific Corp. (Westbury, NY), 
Pfanstiehl Labs (Waukega, IL) , V-Labs, Inc., 
(Covington, LA) or isolated according to the method 
incorporated by reference from Carbohydrate Analysis: 
A Practical Approach (1986) Eds. Chaplin, M.F. Kennedy 
J.F. ( IRL Press Limited, England) pp. 150-151) . 
Silica Gel 60 preparative plates (1000 pm thick 20 x 
20 cm) were obtained from EM Science (Gibbstown, NJ) . 
7-aminomethylcoumarin (AMC) was obtained from Eastman 
Kodak (Rochester, NY) . Horseradish peroxidase was 
purchased from Sigma Chemical Company (St. Louis, MO) . 

Oligosaccharides (0.1-5.0 pmoles) were dissolved 
in lOOpl H 2 0. The aqueous carbohydrate solution was 
added to a solution containing 300 pi methanol, 20 mo 
7-amino methylcoumarin (AMC), 35 mg NaCNBH 3 and 41pl 
glacial acetic acid. The mixture was sealed into a 
screw cap microfuge tube and heated in a dry block at 
85°C for 45 minutes. The reaction was loaded onto a 
Sephadex G-25 column (2 x 50 cm) equilibrated with H 2 0. 
The product was eluted with H 2 0 and 1 ml fractions were 
collected. After assaying fractions for purity by TLC 
as described below, appropriate fractions were pooled 
and vacuum concentrated to 0.1-1 pmol/ml before 
storage at -20°C. 

Oligosaccharide obtained from horseradish 
peroxidase was released from the protein by 
hydrazinolysis and reacteylated (A Carbohydrate 
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Analysis: A Practical Approach (1986) Eds. Chaplin, 
M. F . Kennedy J.F. (IRL Press Limited, England) supra) . 
After desalting carbohydrate on a Sephadex G-25 column 
(2.5 x 30 cm), fractions were assayed by a modified 
neutral sugar (Dubois, et al., 1956, Anal. Chenu , 
28:350-356) using a microtiter plate format. Briefly, 
samples were adjusted to a final volume of 90 pi with 
H 2 0. 5 pi of 85% phenol/H 2 0 (v:v) was added followed 
by the rapid addition of 180pl H 2 SO^ . The sugar 
concentration was determined by reading the absorbance 
at OD 490 . Various concentrations of mannose was used 
to generate a standard curve. Oligosaccharide- 
containing fractions were pooled and labeled as 
described above. Following Sephadex G-25 
chromatography, the sample was further purified using 
Absorption Preparative Layer Chromatography by 
streaking the sample onto a 1000 pm thick 20 x 20 cm 
Silica Gel 60 preparative plate. Following 
chromatography in isopropanol : ethanol : H ? 0 (2.3:1.0:0.7, 
v:v:v) , the appropriate band was excised and the 
silica crushed. The carbohydrate was eluted by 
washing the silica with 50% isopropanol : water (v:v) 
until the eluant no longer emitted fluorescence. The 
eluant was vacuum concentrated to 0.1 pmol/ml before 
storage at -20°C. The oligosaccharide structure 
(Kurosaka, J. Biol. Chem. (1991) 266:4168-4172) was 
confirmed by exoglycosidase digestion and TLC analysis 
as dtecribed below. 

EXAMPLE 7: METHOD FOR SCREENING ORGANISMS FOR 
GLYCOSIDASE ACTIVITY 

Silica gel 60 without F glass backed TLC plates 
were purchased from EM Science (Gibbstown, NH) . p- 



nitrophenyl glycopyranosides were purchased from Sigma 
Chemical Co. (St. Louis, MO) . Control glycosidases 
were obtained from Boehringer Mannheim (Indianapolis, 
IN) , Oxford GlycoSystems (Rosedale, NY) or Seikagaku 
(Rockville, MD) . Columns and chromatography reagents 
were purchased from Pharmaia (Piscataway, NY) or 
TosoHaas (Montgomeryville, PA) . 

Preparation of cell extracts for screening assay. 

Cell pastes (0.1-0.5 g) were thawed and suspended 
in three volumes of Buffer A' (20 mM Tris-HCl[pH 7.5], 
50 mM NaCI, 1 mM Na 2 EDTA) . After being briefly 
sonicated, the cell suspensions were centrifuged at 
14,000 rpm for 10 minutes at 4°C in an Eppendorf 
microcentrifuge . 

Glycosidases digestion reaction. 

Cell extracts, cell growth media or partially- 
purified extracts were assayed for glycosidase 
activity by adding l-5pl to a lOpl mixture containing 1 
nmole of AMC-labeled oligosaccharide in 50 mM sodium 
citrate pH5.5 (various pH's and cof actors, see Table 
5) . After incubations at 37°C for a period in the 
range of 5 minutes to 20 hours, the reactions were 
analyzed by TLC as described below. To quant itate the 
final yield of ji-xylosidase activity Xylpl-4Xyl{5l- 
4Xyl(Jl-4Xyl-Co was used as a substrate in 50 mM sodium 
citrate pH4.5. One unit of fi-xylosidase was defined 
as the amount of enzyme required to release 1 nmol of 
terminal xylose from the oligosaccharide substrate at 
37°C in 1 hour. To quantitate the final yield of fJ- 
mannosidase activity, Manpl-4Manfil-4Man-Co was used as 
a substrate in 50 mM sodium citrate pH5.5 r 
supplemented with 100 pg/ml bovine serum albium. One 



-72- 

unit of p-mannosidase was defined as the amount of 
enyzme required to release 1 nmol of terminal mannose 
from the oligosaccharide substrate at 30°C in 1 hour. 

Analysis of digestion products by Thin Layer 
Chromatography (TL»C) of AMC-labeled oligosaccharides. 

A small volume of glycosidase digestion reaction 
(2-3 pi) was spotted in a tight band on a silica gel 
TLC glass-backed plate. The bands were completely 
dried with a hot air gun (temperature not exceeding 
70°C. The plate was developed until the solvent front 
moved 10 cm in isopropanol : ethanol : H 2 0 (2.5:1,0:0.5, 
v:v:v) . Following chromatography , the AMC-substrates , 
which remained near the origin, and their hydrolyzed 
products, which migrated upward with the mobile phase, 
were visualized with a 314 nm UV lamp. Controls 
included markers of undigested disaccharide (Galfil- 
4GlcNAc-Co) , tetrasaccharide (Gal£l-3GlcNAcpl-3Gal£l- 
4Glc-Co> and hexasaccharide (Galpl-4GlcNAcpl-6 [Galpl- 
4GlcNAcpl-3]Gaipi-4Glc-Co) . Undigested substrates 
also served as controls. 

The results of screening cell extracts against 
Hanal-6 (Manal-3) (Xyipi-2) Man£l-4GlcNAc(}l-4GlcNAc(}l- 
4 (Fucal-3) GlcNAc-Co from different bacterial strains 
of Xanthomonas and Bacillus are shown in Fig. 13 (see, 
Tables 3 and 4) . Although cell extracts from Bacillus 
strains ajre demonstrated no activity, the cell extract 
from one strain, X. manihotis, was capable of removing 
three sugars from the AMC-substrate . Cell extracts 
from two other strains X. holicola and X. oryzae were 
capable or removing four sugars suggesting the 
presence of oc-Mannosidase, (5-Xylosidase and either a- 
Fucosidase or p~Mannosidase activities. 



EXAMPLE 8: SCREENING ORGANISMS USING p-NITROPHENYL 
GLYCOSIDE SUBSTRATES 



Exoglycosidases have typically been identified 
and purified using derivatized monosaccharides such as 
p-nitrophenyl glycopyranoside as substrates (Hayward, 
A.C. (1977) J. Appl. Bacterioi. 43:407-411). These 
substrates provide information about an enzyme's 
ability to recognize specific monosaccharides 
including their anomericity. However, no information 
is obtained regarding an enzyme's linkage specificity 
because the monosaccharide is not linked to a second 
sugar, but rather chemically linked to a chromogenic 
marker. Often glycosidases capable of cleaving a 
monosaccharide derivative fail to hydrolize the sugar 
residue when it is part of an oligosaccharide (Talbot, 
G. and Sygusch, J, (1990) Appl. Environ. Microbiol. 
56:3505-3510) . 

As demonstrated by Hayward {supra) , Xanthomonas 
campestris strains will cleave several p-nitrophenyl 
glycopyranoside substrates. Cell extracts (5pl) 
prepared as in Example 2 were incubated wityh 25 \il of 
50 mM sodium citrate pH 5*5 containing 250 nmol of 
either p-nitrophenyl p-D-galactopyranoside, p- 
nitrophenyl a-D-glucopyranoside, p-nitrophenyl P~D- 
gly copy ranoside, p-nitrophenyl P-D-xylopy ranoside or 
p-nitrophenyl N-acetyl-p-D-glucosaminide for 4 hours 
at 37°C. The reaction was stopped by adding 75 \il of 
sodium borate pH9 . 8 and the absorbance of the reaction 
mixture was measured at 410 nm. The results using 
rhis screening assay on two X. campestris strains, 
NEB420 and NEB4 97, is shown in Fig. 14. Both strains 
cleaved all p-nitrophenyl glycopyranoside substrates 
tested suggesting the presence of p-galactosidase, a- 



glucosidase, p-glucosidase, p-xylosidase and (5-N- 
acetylglucosaminidase activities . 

However, when using AMC-substrates as described 
in Example 2, the cell extracts from the two strains 
demonstrated only a- and P-glucosidase activities as 
shown in Fig. 14 and 15. Ceil extracts (5pl) were 
acced to a 10 pi reaction mixture containing 1 nmol of 
AMOsubstrate in 50 mM sodium citrate pH 5.5 at 37°C 
for 4 hours and analyzed by TLC as described in 
Example 2. Fig. 15 shows the results of cell extracts 
NEB420 and NEB497 tested on 202: Gaipi-4GlcNAcpl- 
3Galpl-4Glc~Co (lanes 2 and 3, respectively), 167: 
Galpl-3GlcNAcpl-3Gal(Jl-4Glc-Co (lanes 5 and 6, 
respectively), 180: Glcal-4Glcal-4Glc-Co (lanes 8 and 
9, respectively), 179: Glcpl-4Glcpl-4Glc-Co (lanes 11 
and 12, respectively) and 233: GlcNAcpl-4GlcNAcpl- 
4GlcNAc-Co (lanes 14 and 15, respectively) . 
Undigested substrates (lanes 1, 4, 7 and 10) served as 
controls. In Fig = 15, only lanes 8, 9, 11 and 12 
indicate the release of a terminal monosaccharide. 
Lanes 8 and 9 show the removal of a-glucose while 
lanes 11 and 12 show the release of p-glucose 
demonstrating the presence of a- and p-glucosidase 
activities in both strains. All other AMC-substrates 
were resistant to hydrolysis when incubated with cell 
extracts from the two X. campestris strains thereby 
demonstrating that glycosidase activity as measured on 
specific monosaccharide derivatives do not always 
translate to activity on that sugar residue when it is 
part of an oligosaccharide. Similarly, glycosidases 
discovered for their ability to cleave oligosaccharide 
substrates do not always hydrolyze a derivatized 



monosaccharide (Sano, et al., (1992) J. Biol. Cham. 
267:1522-1527) . 

EXAMPLE 9: METHOD FOR PURIFICATION OF GLYCOSIDASES 
FROM XANTHOMONAS HOLCICOLA 

Fermentation of Xanthomonas holclcola. 

Xanthomonas hocicola strain NEB121 (ATCC # 13461) 
was grown in media consisting of 10 g/1 tryptone, 5 
g/1 yeast extract, 5 g/1 NaCl and 0.3 g/1 NaOH. The 
cells were incubated at 30°C until late logarithmic 
stage with aeration and agitation. The cells were 
harvested by centrif ugat ion and stored frozen at -70°C. 

Preparation of crude extract. 

All further procedures were performed either on 
ice or at 4°C. Cell past (191 g) obtained above was 
suspended in two volumes of Buffer A (20 mM Tris-HCl 
[pH7.5], 50 mM NaCl, 0 . 1 mM Na 2 EDTA) . The cell 
suspension was passed through a Gaulin homogenizer 
(Model M-15) twice at 12,000 psi. The lysate was 
centrifuged at 1,300 g for 40 min. in a Sharpies 
continuous centrifuge. 565 ml of supernatant was 
obtained. 

Purification of glycosidases . 

Glycosidases were separated and purified from 
crude cell extracts by using a series of separation 
methods that differentiated the enzymes according to 
their hydrophobicity and their charge. Enzymes were 
assayed according to the methods described in Example 
7 using conditions described in Table 5. 

The crude extract (565 ml) was loaded onto a 
column of DEAE Sepharose CL-6B (5.0 x 15 cm) 
equilibrated with Buffer A. The column flowthrough, 
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containing both the p-Xy losidase and (5-Mannosidase, 
was applied to a column of Heparin Sepharose CL-6B 
(2.6 x 15 cm) equilibrated with Buffer A. The column 
was washed with 160 ml of Buffer A followed by a 
linear gradient of NaCl (0.05-0.95 M) in 400 ml of 
Buffer A (flow rate,. 1 ml/min; 8 ml fractions) . 
Fractions containing p-Xylosidase that eluted with the 
NaCl gradient (0.35-0. 6M) were pooled and the enzyme 
further purified as described below in Section A. (5- 
Mannosidase activity was in the heparin column 
flowthrough and was further purified as described 
below in Section B. 

A. /3-Xylosidase . 

The enzyme pool described above was dialyzed 2 
hours against Buffer A before being applied to a 
column of Q-Sepharose (1.6 x 12 cm) equilibrated with 
Buffer A. The column flowthrough which contained 
enzyme activity was dialyzed 2 hours against Buffer C 
(20 mM potassium phosphate [pH6.0], 25 mM NaCl, 0 . 1 mM 
Na 2 EDTA) before being applied to a column of S- 
Sepharose (1.0 x 10 cm) equilibrated with Buffer C. 
The column was washed with 20 ml Buffer C followed by 
a linear gradient of NaCl (0.025-0.95 M) in 150 ml of 
Buffer C (flow rate 1 ml/min; 2 ml fractions) . The 
enzyme eluted between 0.4-0.55 M and pooled fractions 
were dialyzed for 2 hours against Buffer A. After 
dialysis, the pool was loaded onto a Heparin-TSK (3 
ml) column equilibrated with Buffer A. The column was 
washed with 6 ml of Buffer A followed by a linear 
gradient of NaCl (0.05-0.95 M) in 90 ml Buffer A (flow 
rate 1 ml/min; 1 ml fractions) . The enzyme activity 
eluted between 0.2-0.3 M and the pooled fractions were 
dialyzed overnight in Buffer A. Sodium azide was 



added to 0.02% before storing the enzyme at 4°C. A 
yield of 4,000 units of substantially pure enzyme was 
obtained. 

B. /3-Mannosidase 

(NH 4 ) 2 S0 4 (66 g) was added to the column flow 
through (500 ml) to a final concentration of 1 M 
(NH 4 ) 2 SO< befor being applied to a column of Phenyl 
Sepharose (1.6 x 15 cm) equilibrated with Buffer B (20 
mM Tris-HCl [pH7.5], 0 . 95M (NH 4 ) 2 S0 4 , 0.1 mM Na 2 EDTA) . 
The column was washed with 160 ml of Buffer B followed 
by a linear decreasing gradient of (NH<) 2 S0< (0.095- 
0.001 M) in 800 ml of Buffer B. The enzyme eluted 
between 0.9-0.7M and pooled fractions were dialyzed 4 
hours against Buffer C. The pooled enzyme was loaded 
onto a column of S-Sepharose (1.0 x 10 cm) 
equilibrated with Buffer C. The column was washed 
with 20 ml of Buffer C followed by a linear gradient 
of NaCl (0.025-0.95 M) in 150 ml of Buffer C (flow 
rate 1 ml/min, 2 ml fractions) . The pooled enzyme was 
dialyzed for 4 hours against Buffer D (2u mM Tris-HCl 
[pH7.5], 25 mM NaCl, 0.1 mM Na 2 EDTA) before being 
applied to a Mono Q HR5/5 (1 ml) column equilibrated 
with Buffer D. Activity was located in the column 
flow through 0.8g of (NH 4 ) 2 SO< was added to flowthrough 
before being applied to a Phenyl Superose HR 10/10 (8 
ml) column equilibrated with Buffer B. Activity was 
located in the column flowthrough. 0 . 8g of (NH 4 ) 2 S0 4 
was added to a final concentration of 1.5 M before 
being re~applied to the Phenyl Superose HR 10/10 
column equilibrated with Buffer E (20 mM Tris-Hcl 
[pH7.5], 2.0 M (NH 4 ) 2 S0 4 , 0.1 mM Na 2 EDTA) . The column 
was washed with 10 ml of Buffer E followed by a linear 
decreasing gradient of (NH 4 ) 2 S0 4 (2.0-0.02 M) in 100 ml 



Buffer E (flow rate 1 ml/ min, 1.5 ml fractions). The 
enzyme activity eluted between 1.0-0.85 M and pooled 
fractions were concentrated using a Centriprep 
concentrator (Amicon, Inc. - Beverly , Massachusetts) 
to 1 ml. The concentrated enzyme was dialyzed 
overnight against Buffer A. Sodium azide (0.2%) and 
BSA (0.1 mg/ml) was added before storing the enzyme at 
4°C. A yield of 500 units of substantially pure enzyme 
was obtained. 

EXAMPLE 10: CHARACTERIZING GLYCOSIDASES 

A. /3-Xylosidase 

Fig. 16 shows the ability of P-Xylosidase 
isolated from Xanthomonas holcicola to cleave AMC- 
substrates 300: Manal-6 (Manal-4 ) (Xylpl-2) (Manpl- 
4GlcNAc(il-4 (FucCXl-3)GlcNAc-Co (lanes 1-4) and 264: 
Xylpl-4Xylftl-4Xylpl-4-Co (lanes 5 and 6) . 5 units of 
P-Xylosidase was added to a 10 ]il reaction mixture 
containing 1 nmo] of AMC-substrate 300 (lanes 3 and A) 
in 50 mM sodium citrate pH6 . 0 supplemented with 5 mM 
CaCl 2 , or 1 nmol of AMC-substrate 264 (lane 6) in 50 mM 
sodium citrate pH4.5. 2 unites of al-2,3 Mannosidase 
isolated from X, manihotis (Example 4) was included in 
some of the reactions (lanes 2 and 4) to expose the 
Pl-3 xylosyl linkage to hydrolysis by P~Xy losidase . 
Undigested substrates were included as controls (lanes 
1 and 5) . Markers (M) included were a disaccharide, 
191: Galal-3Gal-Co and a tetrasaccharide, 202: Gaipi- 
4GlcNACpi-3Galpl-4Glc-Co . Reactions were incubated at 
37°C for 2 hours before analysis by TLC as described in 
Example 2. As shown in Fig. 16, p-Xylosidase cleaved 
the pl-2 linkage of AMC-substrate 300 (lane 3) only 



with al-2,3 Mannosidase (lanes 2 and 3) was included 
in the reaction. When incubated without a- 
Mannosidase, no cleavage was observed (lane 4) . P~ 
Xylosidase also cleaved the Pl-4 linkages of AMC- 
substrate 264 (lane 6) . 

B. /3-Mannosidase 

Fig. 17 shows the ability of p-Mannosidase to 
cleave AMC-substrates 259: Manl-4Manl-4Man-Co (lanes 1 
and 2) and 300: Manal-6 (Manal-4 ) <Xyl(Jl-2) Manpl- 
4GlcNAcpl-4 (Fucal-3) GlcNAc-Co (lanes 3-8). 2.5 units 
of p-Mannosidase was added to a 10 jil reaction mixture 
containing 1 nmol of AMC-substrate 259 (lane 2) in 50 
mM sodium citrate pH5 . 5 or lnmol of AMC-substrate 300 
(lanes 7 and 8) in 50 mM sodium citrate pH6.0 
supplemented with 5 mM CaCl 2 , 2 units of al-2,3 
Mannosidase (lanes 4-7) isolated from X. manihotis 
(Example 4) , 2 units of p-Xylosidase (lanes 5-7) 
isolated from X. holcicola (described above) , 10 units 
or al-6 Mannosidase (lanes 6 and 7) isolated front X. 
manihotis (Example 4) were included in some of the 
reactions to expose the pl-4 mannosyl linkage to 
hydrolysis by p-Mannosidase . Undigested substrates 
were included as controls (lanes 1 and 3) . Markers 
(M) included a disaccharide, 191: Galal-3Gal-Co and a 
tetrasaccharide, 202 : Galpl-4GlcNAcpl-3Gaipi-4Glc-Co . 
Reactions were incubated at 30°C for 2 hours before 
analysis by TLC as described in Example 2. As shown 
in Fig. 17, p-Mannosidase cleaved the pl-4 linkage of 
AMC-substrate 300 (lane 7) only when al-2,3 
Mannosidase, p-Xylosidase and al-6 Mannosidase were 
included in the reaction. When incubated without 
these enzymes, no cleavage was observed (lane 8) . P" 
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Mannosidase also cleaved the (3l-4 linkages of AMC- 
substrate 259 (lane 2) . 

EXAMPLE 11: METHOD FOR PURIFICATION OF /3 -MANNOS IDASE 
AND /3-XYLOSIDASE FROM Xanthomonas oryzae 

Fermentation of Xanthomonas oryzae. 

Xanthomonas oryzae strain NEB 416 was grown in 
Difco Nutrient Broth. The cells were incubated with 
aeration and agitation at 30°C until late logarithmic 
growth. The cells were harvested by centrifugation 
and stored frozen at -70°C. 

Purification of /3-mannosidase and /3-xylosidase . 

P-mannosidase and p-xylosidase were purified from 
378 g of Xanthomonas oryzae cells obtained from a 100 
1 fermentation. The cells were resuspended in 1144 ml 
of Buffer A (20 mM Tris pH 7.5, 50 mM NaCl and 1 mM 
EDTA) and lysed by passage through a Gaulin press. 
Cellular debris was removed by centrifugation in a 
Sharpies centrifuge. The supernatant was passed over 
a DEAE-Sepharose FF column (5.0 x 16.0 cm) 
equilibrated with Buffer A. The column was washed 
with 1500 ml Buffer A. The flow-through and the first 
500 ml of the wash from the DEAE column were collected 
and loaded onto a Heparin Sepharose CL6B column (2.5 x 
29.0 cm) equilibrated with Buffer A. The Heparin- 
Sepharose column was washed with 750 ml Buffer A. For 
purification of the p-mannosidase 1203 g of ammonium 
sulfate was slowly added to the flow-through and the 
wash (2300 ml) collected from the Hepar in~Sepharose 
column, to bring the concentration of ammonium sulfate 
up to 80% of saturation. The precipitation was 
incubated overnight at 4°C with stirring. The 



precipitate was collected by centrif ugation at 15,000 
xg for 20 min. The pellet was resuspended in 350 ml 
Buffer A and dialyzed overnight in Buffer B (20 mM 
Tris pH 7.5 and 1 mM EDTA) containing 1 M ammonium 
sulfate. After dialysis any precipitate remaining was 
removed by centrifugation at 15,000 xg for 20 min. So 
as not to overload the next column the supernatant 
(270 ml) was split into two sets which were treated 
identically from this point on. 135 ml of the 
supernatant was loaded onto A Phenyl-Sepharose 6 fast 
flow (low sub) column (2.5 x 29 cm) which had been 
equilibrated with Buffer B containing 1 M ammonium 
sulfate. The Phenyl-Sepharose column was washed with 
1000 ml Buffer B containing 1 M ammonium sulfate. (5- 
mannosidase was eluted from the column with decreasing 
linear ammonium sulfate gradient from 1 M to 0.05 M. 
14 ml fractions were collected at a flow rate of 2 
ml /min and assayed for activity. The peak of activity 
eluting between 0.6 to 0.5 M ammonium sulfate was 
pooled, dialyzed in Buffer C (20 mM KPO, P H 6.0, 0.1 mM 
EDTA and 10 mM NaCl) overnight and loaded onto a SP- 
Sepharose column (1.5 x 10 cm) which had been 
equilibrated with Buffer C. The column was washed 
with 80 ml Buffer C and the enzyme was eluted from the 
column with a linear NaCl gradient from 0.01 to 0.95 
M. 3 ml fractions were collected at a flow rate of 1 
ml/min. The peak of activity eluting at 0.15 to 0.3 M 
was pooled and dialyzed for 4 hr in Buffer B 
containing 1 M ammonium sulfate. The dialyzed pool 
was loaded onto a Phenyl-Superose HR10/10 column 
equilibrated with buffer B containing 1 M ammonium 
sulfate. The column was washed with Buffer B 
containing 1 M ammonium sulfate and the enzyme was 
eluted from the column with decreasing linear ammonium 



sulfate gradient from 1 M to 0.05 M. 1.5 ml fractions 
were collected at a flow rate of 1 ml/min and assayed 
for activity. The peak of activity eluting between 
0.7 to 0.6 M ammonium sulfate was pooled, dialyzed in 
Buffer A containing 0.02% sodium azide before storing 
the enzyme at 4°C* The yield of substantially pure (3- 
mannosidase was 1.2 x 10 3 units. 

Purification of p-xylosidase from Xanthomonas 
oryzae was conducted substantially in accordance with 
the protocol described in Example 9. The yield was 
500 units as determined in accordance with the method 
described in Example 1. 

Characterizing the purified j3-mannosidase . 

10 units of p-mannosidase purified as above from 
Xanthomonas oryzae was found to react with 0.5 nmol of 
substrate (Manpl-4Manpl-4Man-Co) in the absence of 
cofactors in 50 mM Citrate Phosphate buffer pH 5.4 
although the enzyme was similarly active at pH in the 
range of 4.5 to 6.0. Incubation was carried out for 1 
hr at 37°C. 

Cloning of /2-Mannosidase Gene 

1. DNA purification: To prepare the DNA of 

Xanthomonas oryzae 1 g of cell paste was resuspended 
in 3 ml 0.3M sucrose, 25 mM Tris (pH 8.0), 25 mM EDTA 
and 2 mg/ml lysozyme. The suspension was incubated at 
37°C for 10 min. Following the incubation 4 ml of 2x 
Kirby mix [2 g sodium tri-isopropylnapthalene 
sulphonate, 12 g sodium 2-amino-salicylate, 5 ml 2 M 
Tris-HCl, pH 8, 6 ml phenol (neutralized with Tris pH 
8,0)] was added to the cell suspension and agitated 
for 1 min on a vortex mixer. 8 ml of a 1:1 mixture of 
nexitralized phenol and chloroform (phenol/chloroform) 



was added to the tube and the mixture was vortexed for 
15 sec. The cell lysate was subjected to 
centrifugation for 10 min at 12,000 xg. The aqueous 
phase was transferred to a fresh tube containing 3 ml 
phenol/chloroform and agitated for 15 sec on a vortex 
mixer. The suspension was centrifuged for 10 min a 
12,000 xg. The upper phase was transferred to a fresh 
tube and 1/10 volume of 3 M sodium acetate and an 
equal volume of isopropanol was added to the tube. 
The contents of the tube were mixed by inversion. The 
clot of DNA was hooked out of the tube with a sealed 
pasteur pipette and transferred to a tube containing 
10 ml 70% ethanol. Once rinsed the DNA was dissolved 
in 5 ml of TE (lOmM Tris pH 8,0 and 1 mM EDTA) , RNase 
was added to a final concentration of 40 mg/ml. The 
DNA was incubated for 30 min at 37°C. After incubation 
1.5 ml of phenol/chloroform was mixed with the DNA 
solution by vortexing for 15 sec. The suspension was 
centrifuged a 12,000 xg for 10 min. and the aqueous 
phase was removed to a fresh tube. A 1/10 vol. of 3 M 
sodium acetate and an equal volume of Isopropanol was 
added to the aqueous phase. The clot of DNA was 
hooked out of the tube with a sealed pasteur pipette 
and transferred to a tube containing 10 ml 70% 
ethanol. Once rinsed the DNA was dissolved in 2 ml of 
TE. 

2. Partial digestion: The purified DNA was cleaved 
with Sau3AI to achieve partial digestion as follows: 
125 pi of DNA at 76 pg/ml in 10 mM Bis Tris Propane-HCl 
pH 7.0, 10 mM MgCl 2 , 100 mM NaCl, 1 mM dithiothreitol 
buffer with 100 pg/ml BSA was divided into one 400 pi 
aliquot and four, 200 pi aliquots. To the 400 pi tube 
was added 2 units of Sau3AI to achieve 1 unit of 



enzyme per 4.75 pg of DNA. 200 pi was withdrawn from 
the first tube and transferred to the second tube to 
achieve 0.5 units Sau3AI/4.15 pg, and so on, each 
succeeding tube receiving half of the previous amount 
of Sav3AI . The tubes were incubated at 37°C for 15 
minutes heat-treated at 72°C for 15 minutes then 
subjected to electrophoresis in a 0.7% agarose gel in 
Tris-Borate-EDTA buffer. DNA fragments ranging in size 
from about 9 to 2 kb were collected by 

electrophoresing into DEAE anion exchange paper for 2 
hr. The paper was washed two times in 150 pi of a 
buffer containing 0.1 M NaCI, 10 mM Tris pH 8.0, and 1 
mM EDTA. Subsequently, the DNA was eluted from the 
paper by washing the paper four times with 75 pi of a 
buffer containing 1.0 M NaCI, 10 mM Tris pH 8.0 and 1 
mM EDTA. The resulting solution containing the DNA 
fragment was extracted with 300 pi phenol/chloroform 
followed by extraction with 300 ul chloroform and 
precipitated with 1 ml absolute ethanol by placing in 
a dry ice/ethanol bath for 15 min. The DNA was 
pelleted at 14k rpm for 5 min. The pellet was rinsed 
with 70% ethanol, air dried and resuspended in a final 
volume of 10 pi 10 mM Tris pH 8, and 1 mM EDTA. The 
the purified fragments were used as described in step 
3 below. 

3. Ligation: The fragmented DNA was ligated to 
pUC19 as follows: 3 pg of Sau3AI-partially digested 
Xanthomonas oryzae DNA (10 pi) was mixed with 1.5 pg of 
BawRJ -cleaved and dephosphorylated pUC19 (1 pi) . 4 pi 
of 10X ligation mix (500 mM Tris pH 7.5, 100 mM MgCl 2 , 
100 roU DTT, 5 mM ATP) was added, plus 25 pi of sterile 
distilled water to bring the final volume to 39 pi. 1 



pi of concentrated T4 DNA ligase (2 x 10 6 U/ml) was 
added and the mixture was incubated at 37°c for 2 
hours. 10 pi of the ligation was deionized by drop 
dialysis using a Millipore VS 0.025 pM filter. The 
DNA was then electroporated into E . coli ED8767. The 
E. coli was prepared for electroporat ion by growing up 
1 1 of cells to Klett 50-80 in L-broth. The cells 
were chilled on ice for 15 to 30 min and then pelleted 
in the cold at 4,000 rpm for 15 min. The pellet was 
washed 2 times in ice cold sterile water and once in 
10% glycerol. The washed pellet was resuspended in 1 
to 2 ml of 10% glycerol to a final cell concentration 
of 3 x 10 10 cells per ml. The cells were frozen until 
needed in 100 pi aliquots at -70°C. To electroporate 
the DNA into the prepared cells, the cells were gently 
thawed and placed on ice. 40 pi of cells were mixed 
with 10 pi of the ligated and dialyzed DNA. The 
mixture was placed into a cold 0.2 cm electroporation 
cuvette. A pulse of electricity at 12.5 kV/cm with a 
time constant of 4-5 msec was applied to the DNA cell 
mixture. The E, coli was immediately diluted with 1 
ml L-broth, allowed to grow at 37°C for 30 min. and 
either plated on 150 mm L-agar plates containing 
selective media. After overnight incubation at 37°C, 
clones expressing an fJ-mannosidase were screened as 
described below. 

4. Screening for p-mannosidase clones. To screen 
for clones which express (5-mannosidase which is 
capable of cleaving a synthetic substrates such as 
para-nit rophenyl sugars, first the chromogenic 
substrate 4-methylumbelliferyl (4-MU) fi-D- 
mannopyranoside was tried. This substrate was added 



to 1.5% agar and used to overlay the selective plate 
containing colonies- After overlaying, colonies 
producing active p-mannosidase can be identified by 
viewing the colonies with long wave ultraviolet light 
(366 nm) . In this experiment of the 2 x 10 4 colonies 
screened using this substrate, no fluorescent colonies 
were isolated. Since no clones were isolated using 
this method an other method had to be employed. To 
screen for clones expressing the p-mannosidase from X. 
oryzae a differential plating medium was used. The 
medium used is a variation on EMB agar which was used 
to screen for E. coli mutants which are unable to 
utilize lactose as a carbon source (lac~) . Traditional 
EMB agar contains lactose and two indicator dyes, 
eosin yellow and methylene blue. When a strain of E. 
coli which is capable of fermenting lactose (lac + ) 
grows on EMB agar the colonies appear dark purple to 
black however, lac~ E. coli colonies are white due to 
their inability to ferment lactose. To screen for 
clones expressing an p-mannosidase the library 
(described above) was plated at a concentration of 
approximately 30,000 cfu/ml on M9 minimal media 
containing 100 mg carbenicillin, 0.4 g eosin yellow, 
0.065 g methylene blue and 1 g a-mannobiose per liter 
of medium. The disacchride mannobiose (mannose (3-1- 
4mannose) can not be utilized as a carbon source by E. 
coli unless they express the cloned p-manncsidase 
which will cleave the mannobiose into mannose which 
can be fermented by the host. The plates were 
incubated at 37°C for 7 days. Two colonies out of 
15,000 cfu plated were pigmented deep red. These 
colonies were picked, streaked for isolated colonies 
on LB agar containing 100 ug/ml ampicillin and grown 
at: 37°C. Isolated colonies were picked into 5 ml LB 
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with ampicillin and grown 6 hr at 37°C. Of the 2 
colonies tested, crude extracts from one showed (J- 
mannosidase activity. Crude extracts prepared from 
isolated colonies which had been picked into LB with 
ampicillin and grown 18 hr at 37°C showed no {$- 
mannosidase activity. This method has been used to 
isolate other glycosidases (exo-al-6 mannosidase and 
exo-al-2, 3-mannosidase from Xanthomonas manihotis) 
which do not cleave synthetic substrates or which are 
unstable in E . coli. The only limitation are: 1) that 
the di-, tri-, or oligosacchride can not be utilized 
by the host unless the exo-glycosidase is present, 2) 
that the sugar released by the exo-glycosidase must be 
able to be utilized by E. coli as the sole carbon 
source and 3) that the sugar substrate must be 
available in sufficient quantities that it can be 
added to the agar base to allow growth of the host 
expressing the exo-glycosidase. 

EXAMPLE 12: METHOD FOR SCREENING AND PURIFICATION OF 
AN EXO-/31-4 GALACTOSIDASE 

Screening of Strains for /31-4 Galactosidase Activity 

The method of screening is described in Example 
2. The oligosaccharide Galpl~4GlcNAcpl~6 (Galpl- 
4GlcNAc{3l-3) Galpl-4Glc-AMC was incubated with cell 
extracts at 37°C for only 15 minutes followed by TLC 
analysis of the digestion products. An extract was 
selected only if at least both non reducing galactoses 
were removed. This criteria was established to be 
able to select galactosidases that have a high 
specific activity for complex carbohydrates. 
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Fermentation of Bacteroides fragilis 

Bacteroides fragilis strain 3392 (VP I Anaerobic 
Culture Collection) was grown in 1001 of TYG 
(Trypticase, Yeast Extract, Glucose Broth) . The cells 
were incubated anaerobically with minimal agitation at 
37°C until stationary phase growth. 416 g of cell 
paste was harvested by Sharpels tubular centrifugation 
and stored frozen at -70°C. 

Purification of the /31-4 Galactosidase from 
Bacteroides fragllls . 

£l-4 Galactosidase was purified from 30 g of 
Bacteroides fragilis cells removed from the frozen 
cell paste of the 100 1 fermentation. The cells were 
resuspended in 100 ml of buffer A (20 mM Tris pH 7.5, 
50 mM NaCl and 0.1 mM EDTA) and lysed by sonication 
(30 second pulses at 50% duty cycle) . Cellular debris 
was removed by centrifugation (15,300 xg) . The 
supernatant was passed over a DEAE-Sepharose FF column 
(1.6 x 15.0 cm) equilibrated with buffer A. The 
column was washed with 1500 ml buffer A. The 
flow-through and the first 90 ml of the wash from the 
DEAE column were collected and (NH 4 ) 2 S0 4 was slowly 
added to final concentration of 1.0 M. The pooled 
flow-through and wash was loaded onto a Phenyl 
Sepharose FF column (1.5 x 45 cm, 80 ml) which had 
been equilibrated with buffer B (20 mM Tris pH 7,5, 
1.0 M (NH 4 ) 2 S0 4 , 50 mM NaCl and 0.1 mM EDTA) . After 
loading, the Phenyl-Sepharose column was washed with 
240 ml buffer B. jil-4 Galactosidase was eluted from 
the column with decreasing linear ammonium sulfate 
gradient from 1 M to 25 mM. 10 ml fractions were 
collected at a flow rate of 2 ml/min and assayed for 



activity as decribed in the Example 2. The branched 
oligosaccharide Galf3l-4GlcNAcpl-6 <Galpl-4GlcNAcPl-3) 
Galpl-4Glc-AMC was used as a substrate since this 
substrate is not cut by an endo-ft-galactosidase 
previously reported. The peak of activity eluted 
between 0.7 to 0.6 M (NH 4 ) 2 S0 4 was pooled, dialyzed in 
buffer A overnight and loaded onto a Heparin-Sepharose 
FF column (1.6 x 10 cm) which had been equilibrated 
with buffer A. The column was washed with 60 ml buffer 
A and the enzyme was eluted from the column with a 
linear NaCl gradient from 0.01 to 0,95 M. 3 ml 
fractions were collected at a flow rate of 2 ml/min. 
The peak activity eluted at 0.25 to 0.40 M NaCl. The 
pooled activity was dialyzed for 4 hours in Buffer A. 
The dialyzed pool was loaded onto a Mono Q HR10/10 
prewashed with buffer A. The peak activity eluting in 
the flow through and 30 ml wash with buffer A was 
pooled and loaded onto a Heparin TSK ( 0.7 x 7.5 ml; 
3ml) which had been equilibrated with buffer A. The 
column was washed with 9 ml Buffer A followed by e 60 
ml NaCl gradient from 0.50 M to 0.950M. 1 . 5 ml 
fractions were collected at a flow rate of 1 ml/min. 
The peak of activity eluting between 0.35 to 0.4 M 
NaCl was pooled. The yield of substantially pure pl-4 
Galactosidase was 2.0 x 10 3 units. One unit of enzyme 
was defined as the amount of enzyme required to 
release both terminal galactoses from 1 nmole of the 
oligosaccharide substrate : 

Galpl-4GlcNAcpl-6 (Gaipi-4GlcNAcpl-3 ) Gal(5l ~4Glc-AMC at 
37°C in 1 hour. 
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Characterizing the purified Exo-/31~4 Galactosidase . 

1.0 units of p-galactosidase purified as above 
from Bacteroxdes fragilis was found to react with 0.5 
nmol of substrate Galpl~4GlcNAcpl-3Galpl-4GlcNAcpl- 
4G1C-AMC in 50 mM Citrate buffer pH 6.0 although the 
enzyme was similarly active at pH in the range of 4.5 
to 6.0. Incubation was carried out for 1 hr at 37°C. 
No cofactors were found to be required for activity. 
The purified enzyme will also cleave the following 
substrates : 
p-Nitrophenyl-p-Gal 
Galpl-4GIc-AMC 

Galpl-4GlcNAcpl-6 (Gaipi-3GlcNAcpl-3) Galpl-4Glc-AMC (1-4 
linkage only) 

Galpl-4GlcNAcpl-6 <Gaipi-4GlcNAcpl-3 ) Galpl-4Glc-AMC 

Galpl-4GlcNAcpl-2Manal-6Manpl-4GlcNAc-AMC 

Galpl-4GlcNacpl-4Manal-3 [Galpl-4GlcNAcpl-2 (Galpl-4GlcNA 

cPl-2)Manal-6]Manpl-4GlcNAcpl-4GlcNAc-AMC 

Galpl-4 (Fucal-4)GlcNAcpl-3Gaipi-4Glc-AMC only after 
removal of Fucose first - 

The purified enzyme does not cut the following 

Gall-2,3,6 linkages in the following substrates: 

Galpl-4GlcNAcpl-6 (Gal/31-3GlcNAcpl-3) Galpl-4GlcNAcpl- 
4Glc-AMC 

Gal/31-3GlcNAcpl-4 (NeuAca2 , 3) Galpl-4Glc-AMC 

Gal^l-3GlcNAcpl-3Galpl-4GlcNAcPl-4Glc-AMC 

Gal/31-3 (Fucal-4) GlcNAcpl-3Galpl-4 (Fucai-3 ) GlcNAcpl- 
3Galpl-4GlcNAcpl-4Glc-AMC (with or without removal of 
fucoses) 

Glapl-2 (Arabpl, 3) GlcNAc-AMC 

Xylal-6 (Gal/31-2Xylal-6Glcpl~4) (G&l/31-2Xy lctl-6Glcpl-4 ) 
Glc-AMC 

Gal£l-6GlcNAc 



